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PREFACE

This first edition of the U.S. Geological Survey 'Hydrologic Almanac
of Florida" is a compilation of selected hydrologic facts that have been
collected for over a century. Early field observations and measurements
and many reports on the water resources of the State provided much of the
information presented in this almanac.

"Hydrologic Almanac of Florida" was prepared by the U.S. Geological
Survey in cooperation with the Florida Department of Environmental Regula-
tion and with other State, local, and Federal agencies. Envisioned as a
ready reference or source of information on various facts and features
about water in Florida, it is primarily aimed to help busy politicians,
writers, agency officials, water managers, planners, consultants, educa-
tors, hydrologists, engineers, scientists, and the general public answer
questions that arise on comparative and statistical information on the
hydrology of Florida. This almanac provides a useful supplement to the
statewide Florida Water Atlas consisting of nearly 50 maps prepared in
cooperation with the Florida Department of Environmental Regulation and
with the Bureau of Geology, Florida Department of Natural Resources.

Reports referred to in the text of this almanac are cited by author
and date of publication. The complete references are 1listed in the
"Selected Bibliography." U.S. Geological Survey reports constitute the
major source for most information in the almanac. Specific references to
Survey reports have been restricted for the most part to tables and
diagrams. However, information from other sources has been specifically
referenced in the text as well as in the tables and diagrams. Much of the
statistical comparative data was especially prepared for this almanac to
further its utility. Also, a glossary of technical terms and conversion
tables that go beyond terms used in this almanac have been added for easy
reference.

The almanac should not be considered a treatise on the hydrology of
Florida. Though many facts are presented, many are missing. Some facts
were omitted inadvertently, but others were omitted in an effort to reduce
the volume of material and keep the almanac manageable. An attempt will be
made to correct errors, rectify serious omissions, and to update material
in future editions of the almanac.

R.C.H.

C.S.C.

I11



ACKNOWLEDGMENTS

Appreciation is expressed to the many cooperators who, over the years,
have supported the hydrologic program in Florida that made compilation of
the water facts for this almanac possible. Special appreciation is
expressed to the many individuals in the Survey who encouraged and
supported the preparation of this first edition of the almanac.

Particular acknowledgments are extended to Donald F. Foose, hydrologic
technician with the U.S. Geological Survey, who researched and compiled
facts pertaining to unpublished data on lakes and streams and assisted in
resolving problems on conflicting data. James Tomberlin and Ronald Spencer
reviewed and prepared the illustrations for the almanac. Maude Claiborne,
Letitia Faircloth, Mildred Glenn, Elizabeth Pearce, Deborah Weldon, and
Twila Wilson typed and edited texts and tables at various stages of
preparation and Lougenia Nierstheimer formatted the tables, prepared final
copy, and proofread the almanac. Additional editing was provided by the
Reports Section in the Florida headquarters office of the Survey. Many
other Survey personnel of the various Hydrologic Records Sections through-
out the State were also of immeasurable assistance in the compilation of
data from their files. Advice, assistance, and discussions about technical
matter came from many staff members of the Survey. This first edition
reflects a team effort and the authors thank all who helped bring the
almanac to fruition.

Iv



CONTENTS

Page
Preface--====-ccemmsmcoc e c e r e s e e e s c s e e e e I11
Acknowledgments=======ccemcmccme e ec e ceceeecececcee e man———— Iv
Sources of information-----==----ecccccccccccccccccccccccccce e 1
Publications-=--====-c-cecmmcm e mmmcr e ccc e s rm s e 1
Data-=-=====ccemmec e mmmcmmmccmmmem e mcms e e 6
Glossary-====~=~-=---csececcccc e em 8
Definition of hydrologic terms-------===c-ccccccccoccccccccnnaa—- 8
Significance of dissolved and particulate mineral and organic
constituents and properties of water-=----------occccaconocoo 17
Hydrologic records------=-=--c-cccmeccc e e mm e mcm e m e 19
Hydrology-=====~==c=ceecccmcccr e e e ce e e e e s cecce e e me— e - 38
Climate---==ec-~-mccccectmrmce e e r e ccc e e c e e e e ra e r e n e 41
Temperature----------cccccmcmmcmcm e 41
Rainfall~--==~--ccccccccccc e 43
Hurricanes---===-==--coccrocmcmccm e cccmcccc s c s m s mmm e e s s e e e 55
Lakes-~-=--=-c-ccccmmcmm e mm e mmm e mmcm e mcm e e 60
Location and number----=-==--ccsccmmcmca e e ccc e ccmc e ee 60
Meandered lakes--=---=~=~c-c-cmccmc e 74
Size-----sscsmccem ettt s m s c s 74
Level and fluctuation~--=-=-=-s-ccocmccccccccccccmcceccccmmmmam e 86
1] ) R 93
Pumpage-=-==~-~=-ccmcme e m e c s m e m s 98
Reservoirs=====-c-c-scmmcmmec e e e e e e e 98
Streams=====-=-ccscsccccccccnc e s c et st m e n s s e s s s s m e 101
Runoff-----=sco-ccccmmcccc e e ccmc e s c s e e 102
Length------~-o-mcmccm e e m e e 106
Velocity----~-=------m—cms e e s m s s 109
Discharge---=---c=c-ccmmmcrcm e e 109
Temperature--====-=-cemecccmc e e m e mmcmm e mmm e oo e 126
Springs-=-=----=-=-s-me— e meemsso e sms s m e 131
Location and number------==--c-coccmccccmmmcnccnc e e e e 131
Discharge-----=-=-ccccccmmcmmc e r s s s s s e 131
Cessation--=~==-=-=-c-c-cmmcccc e e e s e 131
Size-=-=----=-sccccmcncccccm et cscm s s m s s e e 141
Quality-=====-=-ccsccmmccmccc et e e s s s s m e 142
Temperature~==-=======mccmcccccec e e cccec e cccceccm o e—m——e e 142
Submarine springs--=------~-s-c-somcce—ccnemecccccne e nnn e 142
Ground water-----------sccecccmccemcccccmcccmmccecnc s e m e s s s e 147
Floridan aquifer---------=--ccccccmcmcccmmcmccccccn e e n e 147
Recharge---~=~==c-ccccncmcmmmccccccc e m e c e nmnm e 149
Potentiometric surface--=------=-c-cccoccmccccncccnncnncnnnnn 149
Biscayne aquifer=----=----cscmceccccacccccmcccccccc e e ce e ne e 149
Sand-and-gravel aquifer------=------s-eccmcccmccccncacmcconnnoaan 153
Other aquifers--=--=------cc-co-ccmccmccmcmccccmccmcm e 154
Water-level fluctuations=-=====-=-c-mcccccmcmacmcn e necncee- 154
Wellg-~~-=-=—-crecccacccmcctmann s ncnm s n s cdncnm e memsa s s a s e n e = n = 156
Earthquakes-~-~---==-ccs-cmmmmcm et m s s et s e 159
Water quality----=--ceeoecccccccn e cr e e e s c e aae e 161
Surface-water quality----==--=-=---ccmecmccccmccccn e nnnnn e 161
Ground-water quality~-----=--~-=--cc-csmecmccocnncsccnccnn e n oo 172



Water for public supply----~-~-vvcccrcrececrccccrccccec e e
Source of water-----------cccccceccmreccccccccnec e ccce e
Water used--==-c-eccrecer e c e mcccmr s s cm e e e e
Consumptive US@~-===cmcc-mcccccccceccccc e e c e c e e e ——a——
Quality of public water supplies~---=-<-~c-c-crmcecmncccnmcaccnaan

Water use-----=c--emcccmcccccmcccccrcecercccc e e e e

Conversion factorg~=-===emececrccecme e e e
Tables of inch-pound equivalents-=--=-==m-eccccecmccnccccacacaaa-
Table of inch-pound/metric equivalents-----===--cccccccccccaca—-a-
Table of map series scale equivalents-----===-ececmcccccccccacacax
Table of chemical equivalents---------m--ceccmccccccaccacncccnaa"-
Tables of temperature equivalents---------=----c-cccccc—coocooo—-

Fahrenheit to Celsius~-~~--=---sscmcrerccccracccccrrcmrccaee
Celsius to Fahrenheit----=--ccccccercccccncccccccccmcccccnax
Selected bibliography--=---=------cccccccmccccccc e
ILLUSTRATIONS

Figure 1. U.S. Geological Survey office locations in Florida--------

2. Boundaries and locations of Florida's five Water Manage-
ment Districts==-=~c=cmeccmrmrecncn e
3. Hydrologic Unit map of Florida--=--=-==-ceccmccccccccaaan-
4. The hydrologic cycle========cemom o ccccemcceeee
5. Mean annual rainfall (January-December) in Florida----=----

6-9. Mean seasonal rainfall in Florida for
6. Spring (March-May)-=---=-==cecmcccccccnccccccccnnna-"
7. Summer (June-August)-==~-=-cc-eccccccconmcnncncnaa=
8. Autumn (September-November)------=--=-eceeccccnca--
9. Winter (December-February)-=--==-=-=ccecmcccccaca"-
10-12. Variation of rainfall during period 1930-65 at

10. Pensacola, Florida----~--==--ceccccecccccccccanaaa-
11. Gainesville, Florida---~---=---cc-mcccccccncacaaaaa-
12. Everglades, Florida--------=-cemccccccccccrccccun—-
13. The difference between rainfall and potential evaporation
in Florida--~-=~=----semoemcecmcrc o r e e o ee
14. Number of North Atlantic tropical cyclones and hurricanes
by months of period 1886-1959------=--cccccccccccccanras

15. Typical storm surge produced by a hurricane approaching
the Atlantic or Gulf Coastal areas of Florida-----==-=---
16. Calculated storm-surge heights for Florida------~-~-=--=---
17. Irregular movements of selected hurricane tracks over the
Atlantic Ocean and the Gulf of Mexico--=----=---=--v-ce--

18-23. Selected Atlantic and Gulf hurricane tracks near, or
through, Florida and other Eastern States during

18. 1919-33-====mecm=mec=cmecmececeeeeeeeme———————————
19. 1935-45-====m==m=meemeecemeeemeeemeee;eeecc—e——a——-
20. 1947-49===m=emememmemeem oo
21. 1950-56-====m=m=mmmmmmmmmmmcemeeceeece—eceeaeeae
22. 1960-65-=======m=msemmemmmmceeemeeeeee—e—ec——————-
23. 1972-75-==mmm===mmemmmmemmeemeeceeecemec—eeeeaas

VI

Page
176
182
187
193
193
205
223
223
226
227
228
229
229
230
231



Figure 24.

25.
26-29.

30.

31.
32.

33.
34.

35.
36.

37.
38.

39.
40.
41.
42.
43.

44.

45.
46.

47.
48.

49.

50.

CONTENTS

Generalized tracks of 1979 hurricanes "David" and
"Frederic" plotted on National Oceanic and Atmospheric
Administration chart--=--=---cc-cccccoccacccccncaccononn

Satellite photograph of Florida-----------=--c-cccacccao--
Principal lakes in Florida
26. Lake County-~----==-===c-cc-coccccoccmmcnconannonan"
27. Orange County-===<====-=--s-cecececceccmocccncncnann
28. Osceola County-=---======se-—csecocecccoomnnoccnanx
29. Polk County--=-==-~---csccsccccccrorcnccooncacoanan=

Location of meandered lakes and nonmeandered lakes having
stage records in Florida---------cceecccmcrcccccccccna--
Maximum, minimum, average, and years of extremes of month-
end lake levels for Lake Jackson near Tallahassee and
Kingsley Lake at Camp Blanding, Florida--------=-c====--
Cumulative frequency distribution of maximum fluctuation
in level of 110 Florida lakes having stage records of
10 years or more---=--==---c-sececccccecccccncecnnn -
Contrasting hydrographs of two lakes, Clay County,
Florida======-=--ermercccce e rcccm e e ccm e nc e m e
Seasonal fluctuation in levels of Bay Lake, Orange
County, Florida, prior to lake level control, and
potentiometric surface of confined aquifer (Floridan)
underlying Bay Lake---==-e-cemeccmcecccccnc e c e
Month-end water level of Lake Jackson near Tallahassee,
Florida--===-==-c-cecrcrcrccrccccencraccr e recrennccnn
Lake bottom contours of Lake Tohopekaliga at Kissimmee,
Florida--====--=-=-c---cccccerecrcrrccccnm e m s cn e -
Lake bottom contours of Lake Weir at Oklawaha, Florida-~---
Lake bottom contours and cross section of Kingsley Lake
near Camp Blanding, Florida-----=-==-=---cccccccoccacaoa-
Lake bottom contours of Lake Tarpon near Tarpon Springs,
Florida, and location of Lake Tarpon Sink--=-=<-=-====----
Effect of pumpage from lakes----=-------c-cccccccceccaocaa-
Florida wetlands prior to development---====-==<=c=-cocoox
Selected interstate streams of Florida=-------====--c====-
Average annual runoff in inches from hydrologic units
in Florida-~=====-=-cceccrrocnccrcrcnerecrccccnmancomaan
Profile of St. Johns River for 1960 high water from the
headwaters marsh north to the mouth at the Atlantic

Major coastal rivers of Florida ranked according to basin
drainage area---------------c--cc--cco—ccooccooooocoooan

Major tributary rivers of Florida ranked according to
basin drainage area----=-=====-=---s--c-ceccocccacocnnoo-

Primary coastal and tributary canals of south Florida-----
Cross-Florida Barge Canal segments (east and west) and
Withlacoochee River Bypass Channel-------=--=-=vc-ce=a--

Freshwater discharged into the oceans by all the
world's rivers------------c-cecccccocccccoaosocaccacaaa.
Comparison of the discharge of selected major coastal
rivers of Florida with large rivers of the world--------

VII

Page
67
68
69
70
71
72

84

88

89

90

91
92

9%
95

96
97
99
103
104

107

110
113

114
118

119

120



Figure 51.

52.

53.

54.

55-57.

58.
59.

60.
61.

62.

63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

76.

CONTENTS

Page
Maximum, minimum, and average monthly mean discharge and

years of extremes for Shoal River and Econfina Creek,

Florida---=--=---cccccmmccmcm e 125
Major areas and selected years of significant high water

in Florida, 1926-73---===---cmmcecmccccccmc e e e 128
Comparison of monthly median discharges at a repre-

sentative gaging station in north Florida and in south

Florida--------ccmcmccccmccccrcmrcmccccmc e e m e e 129
Climatic-river basins divide between north-northwest

Florida and south Florida--------=-e-ccccmcccccncmccna.- 130
Location of springs of Florida

55. Better known springs-----------c-mcccccccmccccaaaaa 135

56. Twenty-seven first magnitude springs-----------=--= 137

57. Submarine springs=--=-=-==----ccmmccmcecccccoccooa- 146
Top of the Floridan aquifer----=-----cccccrccccccccccmcua- 148
Areas of natural recharge to the Floridan aquifer

in Florida--=====----cecccc e 150
Potentiometric surface and areas of artesian flow of

the Floridan aquifer in Florida, May 1974-------=--cu--- 151
Depth to base of potable water in the Floridan aquifer

in Florida----==-e--ccmccmccmccccccec e cee e cme e e 152
Fluctuation of water levels in observation wells in

Marion, Dade, Escambia, and Duval Counties, Florida,

1930-80---=--=---c-mccmmemcmecceccercrne e s s e c e ma e 155
Fluctuation of water level in observation well 9,

Sarasota County, Florida, 1930-80--=---w-ccccccmcccan——- 157
Estimated yield of freshwater wells in Florida------------ 158
Location of selected earthquakes in Florida--------------- 162
National Stream Quality Accounting Network (NASQAN)

stations in Florida, 1980-=-==--cececccccccc e cccccme 164
Chemical types of water in Florida streams~----=-==------- 165
Relations among chemical composition, constituent con-
centration, and discharge for six Florida streams and
canals during low versus high streamflow---=-=--==ccce---- 166
Generalized distribution and concentration of ortho-

phosphate in Florida streams-----=-====cececccccacmccaaa- 168
Dissolved-solids concentrations in Florida surface

Waters====-=---mcmm e e cm e eccmcceecccceeo e 170
Chloride concentrations in water from the upper part of

the Floridan aquifer in Florida-----==«-=-=ccomc-ceccmuo- 175
Vertical distribution of chloride concentrations of water

in wells across central Florida------=--~-vceccccnc—coo- 177
Sulfate concentrations in water from the upper part of

the Floridan aquifer in Florida------=-===-ccccccccocaa- 178
Hardness of water from the upper part of the Floridan

aquifer in Florida-------------c-mcmcccmmmece e 179

Predominant constituents of dissolved solids in water

from the upper part of the Floridan aquifer in Florida-- 180
Dissolved solids in water from the upper part of the

Floridan aquifer in Florida----------=---cccccccccmconnan 181

VIII



Figure 77.

Table

78.
79.

80.
81.
82.

83.

[

wv W N

[}

10.
11.
12.
13.
14.
15.
16.

17.

CONTENTS

Page
Water withdrawn for public supplies in Florida by
counties, 1975~--=-~----------s-ommm e e 184
Sources of ground water for public supply in Florida------ 186
Population of Florida, 1900-80, quantity of public-supply
water delivered by selected municipalities, 1947, 1956,
1965, 1970, and 1975, and by all municipalities in
Florida, 1965, 1970, and 1975--------=---=-==-=-==----c-o- 192
Trends in population and withdrawals of water in
Florida, 1950-78-=====-==-mcmmecc e 212
Source, use, and disposition of freshwater withdrawn in
Florida, 1975-========c---mc-m-meme e e - 213
Total freshwater withdrawn for all uses in Florida
by counties, 1975--===<-s-mcmcmmemcmmc e e 217
Water withdrawn for irrigation (including conveyance
losses) in Florida, by counties, 1975--====~==-em-emce-- 222
TABLES
Page
Hardness concentrations recommended for various
industrial water uses----==-=-==---------eo---e-—-—eo—eo 18
Source and significance of mineral constituents and
properties of water----------=--------e-em-—caee——eeoene 20
Abbreviations normally used for hydrologic records-----~---- 34

Political subdivision codes for the 67 counties of Florida- 35
Designation, names, and areas of Hydrologic Units in

Florida---~--=-=-———e--emm et e 36
Temperature data for selected long-term climatological

stations in Florida listed alphabetically by counties---- 42
Dates of severe freezes of the 19th century and noteworthy

cold spells of the 20th century in Florida-----~======---- 44
Rainfall data for selected long-~term climatological

stations in Florida listed alphabetically by counties---- 53
Number and area (in acres) of lakes by counties in

Florida----==========-==-c--mem e s 73
Meandered lakes of Florida listed alphabetically by

counties===--=~=-c--esesmem e e s e mem———e— - 75
Comparison of large natural lakes of the United States

ranked according to surface area-------------=-=~~c--~--- 85
Natural freshwater lakes in Florida of 10 square miles or

more in area ranked according to size-------------c------ 87
Freshwater reservoirs in Florida of six square miles or

MOre in area=======mmm=mm=m e e e e s e————oe——— 100
Selected principal coastal rivers of the United States

ranked according to length-~~--------=-c--ce---ooeemono—- 108
Major coastal and tributary rivers of Florida ranked

according to average discharge at gaging sites--~-==--~===-- 111
Major coastal and tributary rivers of Florida ranked

according to basin drainage area--~----~---~---o~~~-~----- 112

Selected primary coastal and tributary canals of Florida
ranked according to average discharge at downstream
SLrUCLUrES======= === ==~ eecmcesemon o 116

IX



Table 18.
19.
20.
21.
22.
23.

24.
25.

26.
27.
28.
29.
30.
31.
32.

33.

34.

35.
36.
37.

38.

39.
40.

41.

42.
43.

44.

CONTENTS
Page
Comparison of selected major coastal rivers of Florida with
large rivers of the world ranked according to discharge-- 121
Maximum and minimum discharges of major coastal and

tributary rivers of Florida----------ccrreccrcccccnccnna- 123
Selected years of significant high-water periods in

Florida, 1926~73------------cc--ccmcmcccccccccccc e 127
Average annual temperature range of streams in Florida----- 132
Classification of springs according to average discharge--~ 133
Number of recorded springs in Florida, by counties--=------- 134
Selected Florida pseudo springs (artesian wells)--=------==- 136

Hydrologic data for the 27 first-magnitude springs and
spring groups of Florida, in order of average discharge
--known through December 1976-----=----ceecreccrrcccnaaaa 138
Comparison of chemical types of spring water to seawater--- 143
Variation of water quality of Wakulla and Salt Springs

with time-----=--cc-ec e e e 144
Range and variation of temperature of springs in Florida--- 145
Magnitude of a few of the world's major earthquakes-------- 160
Chronological listing of earthquakes in Florida-------=--~- 163
Orthophosphate concentrations and loads of selected

streams and springs-------------eecccccccccccec e 169
Dissolved-solids concentrations and loads for selected

rivers, canals, and springs in Florida------==-----cc--u-- 171

Summary of chemical and physical analyses of ground water

by aquifers in Florida, based on raw waters used for

selected public supplies, August-September 1976---------- 173
Summary of trace element analyses of ground water by

aquifers in Florida, based on raw waters used for

selected public supplies, August-September 1976---------- 174
Public supply water use in Florida by counties, 1975------- 183
Source and quantity of surface water supplied to 22

municipalities, 1975----------------o--cmmcmeeme e 185
Depth of shallow aquifers used for municipal supply in

various counties in Florida-------=--=-cccccccccancnanoa- 188

Public water supply used in Florida and water delivered to
users by 169 municipalities and 5 county water systems,

by source, 1975-----=--sccmmmmcmm e e oo e 189
Water supplied by five couaty water systems in Florida,

1975-----~----cmemm e e e e e 190
Quantity of public-supply water delivered to users by the

20 largest municipalities in Florida, 1975----------=---- 191

Summary of analyses of major inorganic chemical constit-
uents and physical properties for selected public

surface-water supplies in Florida, January-May 1979------ 198
Summary of trace element analyses for selected public
surface-water supplies in Florida, January-May 1979-----~ 199

Summary of chemical and physical analyses for selected
treated public ground-water supplies in Florida,
August-September 1976----=---=c-cemcccccccmcccn oo 200
Summary of trace element analyses for selected treated
public ground-water supplies in Florida, August-
September 1976-==--=mc--mmcmccec e ccccmmas s —ee oo 201



Table 45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

CONTENTS
Page

Summary of analyses of major inorganic chemical constit-

uents and physical properties for selected treated

public ground-water supplies in Florida, November 1977-

February 1978 and January-May 1979-----===ceccmmecananaax 202
Summary of trace element analyses for selected treated

public ground-water supplies in Florida, November 1977-

February 1978 and January-May 1979--~~-~=--~mcccccncencaa- 203
Summary of analyses for radiochemical data from selected

public drinking-water supplies in Florida, January-

May 1979-~-==-me-rmecmmccecccc e e e e e c e e e e s m e e e e cc e e 204
Summary of water withdrawn, except for hydroelectric

power, in Florida compared with other larger use states,

1975, listed in order of water withdrawn~--~~--==~cceccae~- 206
Water used for irrigation in Florida compared with

other larger use states, 1975, listed in order of

all water withdrawn for irrigation---=~======mce--cccncna-- 208
Water used for electric utility generation of thermo-

electric power in Florida and the 10 largest use states,

1975, listed in order of water used---==---+m-me-mmnena-- 209
Water used for public supplies in Florida compared with

larger use states, 1975, listed in order of all water

withdrawn for public supply-------===-==---c-m-mcmononnan- 210
Population and estimated water use in Florida, 1950-77-~-~~-- 211
Total water withdrawn in Florida for all uses by

counties, 1975-~-==-=mmmmommronc s cn e s e o 215

Water used for irrigation in Florida, by counties, 1975---- 218
Acres irrigated by crop type in Florida, by counties,

XI



XII



HYDROLOGIC ALMANAC OF FLORIDA

By Richard C. Heath and Clyde S. Conover

SOURCES OF INFORMATION

Publications

The U.S. Geological Survey in Florida has collected hydrologic infor-
mation as part of a broad, national program to appraise the water resources
of the United States. Appraisals of water resources in Florida by the
Survey are highly diversified, ranging from hydrologic records networks to
interpretive investigations of water resources, including applied research
for developing investigative techniques. Much of the program is in cooper-
ation with wvarious State, regional, district, county, and local agencies
and with various Federal agencies. The results of water resources investi-
gations are released by the Survey and usually published in one of its own
series or published outside the agency.



The following lists various publications series which contain water
resource information prepared by the Survey and the offices to contact for
information about availability and price of U.S. Geological Survey and
Florida Bureau of Geology publications.

U.S. Geological Survey

Series Office to contact

Professional Papers

Bulletins

Water-Supply Papers Branch of Distribution

Journal of Research U.S. Geological Survey

Techniques of Water-Resources 1200 South Eads Street
Investigations Arlington, VA 22202

Hydrologic Investigations Atlases
Miscellaneous Investigations
Series maps

Circulars
Florida District Office
Open-File Reports U.S. Geological Survey
Water-Resources Investigations Suite F-240
Water-Data Reports 325 John Knox Road
Tallahassee, FL 32303
- Florida Bureau Of Geology
Series ' Office to contact
Information Circulars Bureau of Geology
Map Series Florida Department of Natural
Report of Investigations Resources

903 West Tennessee Street
Tallahassee, FL 32304

The U.S. Geological Survey issues a monthly list of "New Publications
of the Geological Survey." For free subscriptions to this nationwide
listing of new reports, write to:

U.S. Geological Survey
329 National Center
Reston, VA 22092

Circular 777 "A Guide to Obtaining Information from the USGS, 1981"
can be obtained free from:

Branch of Distribution
U.S. Geological Survey
1200 South Eads Street
Arlington, VA 22202



Most reports by the Survey on the water resources of Florida may be
inspected in the District office of the Survey in Tallahassee, at its
suboffices in Jacksonville, Miami, Orlando, Tallahassee, Tampa, and
Fort Myers; at headquarters offices of the Water Management Districts in
Florida at Brooksville, Havana, Live Oak, Palatka, and West Palm Beach; and
at libraries of the State University System in Boca Raton, Gainesville,
Jacksonville, Miami, Orlando, Pensacola, Tallahassee (2), and Tampa.

Addresses of the Survey offices in Florida and of the Water Management
Districts are listed below. Areas of program responsibility and location
of headquarters are shown in figures 1 and 2 for the Survey and Water
Management Districts, respectively.

U.S. Geological Survey

U.S. Geological Survey
District Office

Suite F-240

325 John Knox Road
Tallahassee, FL 32303
Telephone: (904) 386-7145

U. S. Geological Survey
Suite 106

4415 Beach Boulevard
Jacksonville, FL 32207
Telephone: (904) 791-2934

U. S. Geological Survey
Suite 110

7815 Coral Way

Miami, FL 33155
Telephone: (305) 350-5382

U. S. Geological Survey
Suite 216

80 North Hughey Avenue
Orlando, FL 32801
Telephone: (305) 420-6191

U. S. Geological Survey
Suite L-103

325 John Knox Road
Tallahassee, FL 32303
Telephone: (904) 386-2180

U.S. Geological Survey
Suite B-5

4710 Eisenhower Boulevard
Tampa, FL 33614
Telephone: (813) 228-2124

U. S. Geological Survey
Room 307, Federal Building
First Street

Fort Myers, FL 33901
Telephone: (813) 334-7787

U. S. Geological Survey
Suite 10, Federal Building
308 Tequesta Drive
Jupiter, FL 33458
Telephone: (305) 116-7680

U. S. Geological Survey
Room 242, Federal Building
207 NW 24 Street

Ocala, FL 32670
Telephone: (904) 629-8931

U. S. Geological Survey
Suite 108, Federal Building
111 South Orange Avenue
Sarasota, FL 33577
Telephone: (813) 955-9388
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Figure 1.--U.S. Geological Survey office locations in Florida.
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Figure 2.--Boundaries and locations of Florida's five Water
Management Districts.



Water Management Districts

Northwest Florida Water
Management District

Route 1, Box 3100

Havana, FL 32333

Telephone: (904) 487-1770

St. Johns River Water
Management District

South Florida Water
Management District

P. 0. Bov V

West Palm Beach, FL 33402

Telephone: (305) 686-8800

Southwest Florida Water
Management District

P. 0. Box 1429
Palatka, FL 32077
Telephone: (904) 325-5383

5060 U.S. Highway 41, South
Brooksville, FL 33512
Telephone: (813) 933-7881

Suwannee River Water
Management District

Route 3, Box 64

Live Oak, FL 32060

Telephone: (904) 362-1001

Certain Survey reports, including many of the Water Resources Investi-
gations (WRI) series and many compilations of data, can be purchased in
paper copy or microfiche only from National Technical Information Service
(NTIS). Beginning with 1975 issues, "Water Resources Data for Florida for

(Year)" can also be purchased from NTIS. The price of each new
WRI/NTIS report is listed in the monthly catalog, "New Publications of the
Geological Survey."

National Technical Information Service
U.S. Department of Commerce

5285 Port Royal Road

Springfield, VA 22161

Telephone: (202) 557-4650

Data

All water-resources data collected by the Survey are entered into the
National Water Data Storage and Retrieval System (WATSTORE). Data are
grouped and stored on the basis of common characteristics and data-
collection frequencies. At present, these data are organized into five
files and contain nationally: (1) Station Header File--an index file for
more than 220,000 sites for which data are stored; (2) Daily Values File--
over 200 million data entries for 65 water-data parameters, including data




for ground-water levels, reservoir contents, river stages, sediment concen-
trations, specific conductance, streamflow and water temperatures; (3) Peak
Flow File--400,000 entries related to annual maximum streamflow and gage-
height values at surface-water sites; (4) Water Quality File--1.4 million
analyses of biological, chemical, physical, and radiochemical character-
istics of 185 different constituents in surface and ground waters; and
(5) Ground-Water Site Inventory File (independent but cross-referenced to
Daily Values and Water Quality Files)--contains data on 700,000 sites,
listing geohydrologic characteristics, one-time field measurements such as
water temperature, site location and identification, physical character-
istics for wells, springs, and other sources of ground water.

All types of water data can be retrieved through the central computer
facilities in Reston, Va., and from a number of localities nationwide. The
requester is charged a minimal fee plus the actual computer cost incurred
in retrieving the data. Cost estimates and information about the avail-
ability and acquisition of specific types of data can be obtained from the
District and Subdistrict offices of the U.S. Geological Survey in Florida.
(See fig. 1 and p. 3.)

The National Water Data Exchange (NAWDEX) is a computerized data
system that identifies sources of water data and that indexes the types of
water data collected by various Federal, State, and other participating
agencies. The primary purpose of the system is to facilitate the exchange
of data between the organizations that gather water data and the organiza-
tions that need the data. A variety of services is provided by the NAWDEX
Program Office of the U.S. Geological Survey in Reston, Va. and by local
Assistance Centers.

Information available includes identification of organizations that
collect water data, specific locations within the organizations that pro-
vide the data, alternate sources for the data, the geographic area in which
the organization collects data, and types and availability of data col-
lected. Also available are identification and locations of sites at which
water data are being collected, the organization using the site, the types
of data available, the parameters for which data are available, the
frequency of measurement of these parameters, and the media in which the
data are stored.

For services or additional information, contact:

National Water Data Exchange
U.S. Geological Survey

421 National Center

Reston, VA 22092

Telephone: (703) 860-6031



GLOSSARY

Definition of Hydrologic Terms

[Modified for the most part from U.S. Geological Survey Water Resources
Data for Florida, 1978; Langbein and Iseri, 1960; and Lohman and others,
1972]

Acre-foot (acre-ft). The quantity of water required to cover 1 acre to a
depth of 1 foot and is equivalent to 43,560 cubic feet or about
326,000 gallons.

Algae. Mostly aquatic single-celled, colonial, or multicelled plants,
containing chlorophyll and lacking roots, stems, and leaves.

Aquifer. A geologic formation, group of formations, or part of a formation
that contains sufficient saturated permeable material to yield signif-
icant quantities of water to wells and springs.

Artesian. Synonymous with confined. Artesian water and artesian water
body are equivalent, respectively, to confined ground water and con-
fined water body.

Artesian well. A well that derives its water from an artesian or confined
water body. The water level in an artesian well stands above the top
of the artesian water body it taps. If the water level in an artesian
well stands above the land surface, the well is a flowing artesian
well.

Bacteria. Microscopic unicellular organisms, typically spherical, rod-
like, or spiral and thread-like in shape, often clumped into colonies.
Some bacteria cause disease; others perform an essential role in
nature in the recycling of materials, for example, by decomposing
organic matter into a form available for reuse by plants.

Fecal coliform. Bacteria that are present in the intestines or feces
of warm-blooded animals. They are often used as indicators of
the sanitary quality of the water. In the laboratory they are
defined as all organisms which produce blue colonies within
24 hours when incubated at 44.5°C * 0.2°C on M-FC medium
(nutrient medium for bacterial growth). Their concentrations are
expressed - as number of colonies per 100 milliliters (mL) of
sample.

Fecal streptococcal. Bacteria found in the intestines of warm-blooded
animals. Their presence in water is considered to verify fecal
pollution. They are characterized as gram-positive cocci bac-
teria which are capable of growth in brain-heart infusion broth.
In the laboratory, they are defined as all the organisms which
produce red or pink colonies within 48 hours at 35°C & 1.0°C on
M-enterococcus medium (nutrient medium for bacterial growth).
Their concentrations are expressed as number of colonies per
100 milliliters of sample.




Bacteria.--Continued

Total coliform. A particular group of bacteria that are used as
indicators of possible sewage pollution. They are characterized
as aerobic or facultative anaerobic, gram-negative, nonspore-
forming, rod-shaped bacteria which ferment lactose with gas
formation within 48 hours at 35°C. In the laboratory, these
bacteria are defined as all the organisms which produce colonies
with a golden-green metallic sheen within 24 hours when incubated
at 44.5°C t 0.2°C on M-FC medium (nutrient medium for bacterial
growth). Their concentrations are expressed as number of
colonies per 100 milliters of sample.

Biochemical oxygen demand (BOD). A measure of the quantity of dissolved
oxygen, in milligrams per liter, necessary for the decomposition of
organic matter by microorganisms, such as bacteria.

Biomass. The amount of living matter present at any given time, expressed
as the weight per unit area or volume of habitat.

Ash weight. The weight or amount of residue present after the residue
from the dry weight determination has been ashed in a muffle
furnace at a temperature of 500°C for 1 hour. The ash weight
values of zooplankton and phytoplankton are expressed in grams
per cubic meter (g/m3), and periphyton and benthic organisms in
grams per square meter (g/m2).

Dry weight. Refers to the weight of residue present after drying in
an oven at 60°C for zooplankton and 105°C for periphyton, until
the weight remains unchanged. This weight represents the total
organic matter, ash, and sediment in the sample. Dry weight
values are expressed in the same units as ash weight.

Organic weight. (or volatile weight of the living substance). The
difference between the dry weight and the ash weight; represents
the actual weight of the 1living matter. Organic weight is
expressed in the same units as ash and dry weights.

Wet weight. The weight of living matter plus contained water.

Chemical oxygen demand (COD). A measure of the chemically oxidizable
material in the water; furnishes an approximation of the amount of
organic and reducing material present. The determined value may
correlate with natural water color or with carbonaceous organic
pollution from sewage or industrial wastes.

Chlorophyll. Refers to the green pigments of plants. Chlorophyll a and b
are the most common green pigments in plants.

Confining bed. A body of relatively "impermeable" material stratigraph-
ically adjacent to one or more aquifers. In nature, however, its
"hydraulic conductivity" may range from nearly zero to some value
distinctly lower than that of the aquifer.



Consumptive use. The difference between the quantity of water withdrawn
from a source and the quantity returned to the source. The quantity
of water discharged to the atmosphere or incorporated in the products
of vegetative growth, food processing, or an industrial process.

Contents. The volume of water in a reservoir or lake. Unless otherwise
indicated, volume is computed on the basis of a level pool and does
not include bank storage.

Control. Designates a feature downstream from the gage that determines the
stage-discharge relation at the gage. This feature may be a natural
constriction of the channel, an artificial structure, or a uniform
cross section over a long reach of the channel.

Control structure. As used in this report, a structure on a stream or
canal that is used to regulate the flow or stage of the stream or to
prevent the intrusion of saltwater.

Cubic foot per second (ft3/s). The rate of discharge representing a volume
of 1 cubic foot passing a given point during 1 second and is
equivalent to 7.48 gallons per second or 448.8 gallons per minute.

Cubic foot per second per day (ft3/s/d). The volume of water represented
by a flow of 1 cubic foot per second for 24 hours. It is equivalent
to 86,400 cubic feet, 1.9835 acre-feet, or approximately 646,000
gallons and represents a runoff of approximately 0.0372 inch from
1 square mile.

Cubic feet per second per square mile (ft3/s/mi?). The average number of
cubic feet of water flowing per second from each square mile of area
drained, assuming that the runoff is distributed uniformly in time and
area.

Discharge. Conceptually discharge means outflow; therefore, the use of
this term is not restricted as to course or location, and it can be
applied to describe the flow of water from a pipe, from a drainage
basin, or from an aquifer. If the discharge occurs in some course or
channel, it is correct to speak of the discharge of a canal or of a
river. It is also correct to speak of the discharge of a canal, a
stream, or a spring into a lake, a stream, or an ocean.

Data in reports of the Geological Survey on surface water represent
the total fluids measured. Thus, the terms discharge, streamflow, and
runoff represent water with the solids dissolved in it and the sedi-
ment mixed with it. Of these terms, discharge is the most comprehen-
sive. Generally discharge is taken to mean the volume of water (or
more broadly, total fluids) that passes a given point within a given
period of time.

Instantaneous discharge. The discharge at a particular instant of
time.

Mean discharge. The arithmetic mean of individual daily mean dis-
charges during a specific period.
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Dissolved. Refers to the amount of a substance present in true chemical
solution. In practice, however, the term includes all forms of the
substance that will pass through a 0.45-micrometer membrane filter
and, thus, may include some very small (colloidal) suspended
particles. This is a convenient operational definition used by
Federal agencies that collect water data. Chemical analyses are
performed on filtered samples.

Drainage area. Refers to that area of a stream measured in a horizontal
plane, enclosed by a topographic divide from which direct surface
runoff from precipitation normally drains by gravity into the river
upstream of a specific location. Drainage areas given herein include
all closed basins, or noncontributing areas, unless otherwise noted.

Drainage basin. A part of the surface of the earth that is occupied by a
drainage system which consists of a surface stream or a body of
impounded surface water together with all tributary surface streams
and bodies of impounded surface water. A catchment area.

Drainage divide. The boundary of a drainage basin. A topographic ridge
dividing one drainage basin from another.

Evaporation. The process by which water is changed from the liquid to the
vapor state. In hydrology, evaporation is vaporization that takes
place at a temperature below the boiling point, such as from a stream
or lake or moist soil.

Evapotranspiration. Water withdrawn from a land area by evaporation from
water surfaces and moist soil and by transpiration from plants.

Gage height. The water-surface elevation referred to some arbitrary gage
datum. Gage height is often used interchangeably with the more
general term "stage," although gage height is more appropriate when
used with a reading on a gage.

Gaging station. A particular site on a stream, canal, lake, or reservoir
where systematic observations of gage height or discharge are
obtained. When used in connection with a discharge record, the term
is generally applied only to those gaging stations where a continuous
record of discharge is computed.

Ground water, confined. Water under pressure significantly greater than
atmospheric, and its upper limit is the bottom of a bed of distinctly
lower hydraulic conductivity than that of the material in which the
confined water occurs.

Ground water, perched. Unconfined ground water separated from an under-
lying body of ground water by an unsaturated zone. Its water table is
a perched water table. It is held up by a perching bed whose perme-
ability is so low that water percolating downward through it is not
able to bring water in the underlying unsaturated zone above atmos-
pheric pressure.
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Ground water, unconfined. Water in an aquifer that has a water table.

Hydrologic Unit. A geographic area that forms a national system for
cataloging hydrologic and other information. The boundaries of
hydrologic wunits coincide with those of drainage basins but also
include areas such as intervening segments of drainage areas and
islands, estuaries, coastal lands, and other similar areas not part of
drainage basins.

Micrograms per liter (pg/L). A unit expressing the concentration of
chemical constituents in solution as weight (micrograms) of solute per
unit volume (liter) of water. One thousand micrograms per liter is
equivalent to one milligram per liter.

Milligrams per liter (mg/L). A unit for expressing the concentration of
chemical constituents in solution. Milligrams per liter represents
the weight of solute per unit volume of water. Concentration of
suspended sediment can also be exposed in mg/L based on the mass of
sediment per liter of sample.

National Geodetic Vertical Datum of 1929 (NGVD of 1929). A geodetic datum
derived from a general adjustment of the first-order level nets of
both the United States and Canada, formerly called "mean sea level."

Noncontributing area. An area having no perennial surface outlet where
water commonly drains internally underground, generally into cavernous
formations, and reappears as seepage or spring flow in downgradient
areas, possibly in basins other than the area where it entered.
Noncontributing areas are common in areas of karst terrane and are
generally characterized by sinkholes.

Organism. Any 1living entity, such as an insect, phytoplankton, or
zooplankton.

Cells/volume. Refers to the number of cells of any organism which is
counted by using a microscope and grid or counting cell. Many
planktonic organisms are multicelled and are counted according to
the number of contained cells per sample, usually milliliters
(mL) or liters (L).

Organism count/area. Refers to the number of organisms collected and
enumerated in a sample and adjusted to the number per area
habitat, wusually square meters (m?), acres, or hectares.
Periphyton, benthic organisms, and macrophytes are expressed in
these terms.

Partial-record station. A particular site where limited streamflow data
are collected systematically over a period of years for use in
hydrologic analyses.

Periphyton. The assemblage of microorganisms attached to and growing upon
solid surfaces. While primarily consisting of algae, they also
include Dbacteria, fungi, protozoa, rotifers, and other small
organisms. Periphyton is a useful indicator of water quality.
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Pesticides. Chemical compounds used to control the growth of undesirable
plants and animals. Major categories of pesticides include insecti-
cides, miticides, fungicides, herbicides, and rodenticides. Since the
first application of DDT as an insecticide in the early 1930's, there
have been almost 60,000 pesticide formulations registered, each
containing at least one of the approximately 800 different basic
pesticide compounds (Goerlitz and Brown, 1972). The United States
annually produces about one billion pounds of these compounds.
Although efforts are being made to substitute many of the chlorinated
hydrocarbon pesticides with more specific, fast-acting, and easily
degradable compounds, chlorinated hydrocarbon pesticides are still
commonly used in many areas of the country.

Phytoplankton. The plant part of the plankton. They are usually micro-
scopic and their movement is subject to the water currents. Phyto-
plankton growth depends upon solar radiation and nutrient substances.
Because they are able to incorporate as well as to release materials
to the surrounding water, the phytoplankton have a profound effect
upon the quality of the water. They are primary food producers in the
aquatic environment and are commonly known as algae.

Blue-green algae. A group of phytoplankton organisms having a blue
pigment, in addition to the green pigment called chlorophyll.
Blue-green algae often cause nuisance conditions in water.

Diatoms. The unicellular or colonial algae having a siliceous shell.
Their concentrations are expressed as number of cells per
100 milliliters of sample.

Green algae. Have chlorophyll pigments similar in color to those of
higher green plants. Some forms produce algae mats or floating
"moss" in lakes. Their concentrations are expressed as number of
cells per 100 milliliters of sample.

Picocurie (pCi). One-millionth of the amount of radioactivity represented
by a microcurie, which is the quantity of radiation represented by
one-millionth of a gram of radium-226. A picocurie of radium results
in 2.22 disintegrations per minute.

Plankton. The community of suspended, floating, or weakly-swimming
organisms that live in the open water of lakes and rivers.

Potentiometric surface. A surface which represents the static head in an
aquifer, defined by the levels to which water will rise in tightly
cased wells. The water table is a particular potentiometric surface.

Radioisotopes. A radioactive isotope of an element. Isotopes are species
of a chemical element that differ in atomic weight, having the same
number of protons but a different number of neutrons. They are very
nearly alike in chemical properties. For example: Ordinary chlorine
is a mixture of isotopes having atomic weights 33 and 27, with the
natural mixture having an atomic weight of 35.453. Most elements
exist as mixtures of isotopes, and a great many new isotopes have been
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Radioisotopes.--Continued

produced in the operation of nuclear devices such as the cyclotron
(Rose and Rose, 1966). There are 275 isotopes of the 81 stable
elements in addition to over 800 radioactive isotopes.

Riparian. Pertaining to the banks of a stream, of a lake, or of a
tidewater.

River mile. The distance upstream from the mouth of a stream. Mileage
figures are determined from the best maps available and are generally
determined according to instructions in Bulletin 14 of the federal
Water Resources Council.

Runoff. That part of precipitation that appears in surface streams.
Includes water that flows directly into gullies, creeks, lakes, and
rivers, and also includes water that infiltrates to ground-water
bodies and subsequently emerges in surface streams within the area
under consideration. The quantity of runoff from an area is commonly
expressed in terms of inches of water uniformly distributed over the
area that contributes the water. In other words, an inch of runoff
represents a l-inch layer of water over a given time period covering
the drainage basin or area that contributed the water.

Sea level. General term for '"National Geodetic Vertical Datum of 1929,"
which see.

Sediment. Fragmental material that originates from weathering of rocks and
is transported by, suspended in, or deposited from water or air or
accumulated in beds by other natural forces. It includes chemical and
biochemical precipitates and decomposed organic material such as
humus. The quantity, characteristics, and cause of the occurrence of
sediment in streams are influenced by environmental factors. Some
major factors are degree of slope, soil characteristics, land usage,
and quantity and intensity of precipitation.

Sediment discharge. The rate at which suspended sediment passes a
section of a stream or the quantity of sediment, as measured by
dry weight, or by volume, that is discharged in a given time.

Suspended sediment. The sediment that at any given time is maintained
in suspension by the upward components of turbulent currents or
that exists in suspension as a colloid.

Sinkhole lake. A lake occupying a sinkhole which has been formed, in
general, by solution of surficial limestone and by collapse of the
roof of underground channels or caverns. Commonly, circular shaped
lakes in Florida are loosely referred to as sinkhole lakes. Other
discrete lakes or lake complexes likewise formed by solution are not
generally referred to as sinkhole lakes.

Solute. Any substance derived from the atmosphere, vegetation, soil, or
rocks and dissolved in water.
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Specific capacity (of a well). The rate of discharge of water from a
well divided by the drawdown of water level within the well. It
varies slowly with duration of discharge and is approximately
proportional to the transmissivity of the aquifer.

Specific conductance. A measure of the ability of a water to conduct an
electrical current and is expressed in micromhos per centimeter at
25°C. Specific conductance is related to the type and concentration
of ions in solution and can be used for approximating the dissolved-
solids content of the water. Commonly, the concentration of dissolved
solids (in milligrams per liter) is about 65 percent of the specific
conductance (in micromhos). This relation is not constant from stream
to stream, and it may even vary in the same source with changes in the
composition of the water.

Stage~discharge relation. The relation between gage height and the volume
of water per unit of time, flowing in a channel.

Streamflow. The discharge that occurs in a natural channel. Although
"streamflow" can be applied to the flow of a canal, "streamflow"
uniquely describes the discharge in a surface stream course. The term
"streamflow" is more general than "runoff," as streamflow may be
applied to discharge whether it is affected by diversion or
regulation.

Stream, gaining. A stream or reach of a stream whose flow is increasing
by inflow of ground water.

Stream, losing. A stream or reach of a stream that is losing water to the
ground.

Surface area. That area of a lake outlined on the latest U.S. Geological
Survey topographic map as the boundary of the lake and measured by a
planimeter. In localities not covered by topographic maps, the areas
are computed from the best maps available. All areas shown are those
for stages when the various maps were made.

Thermograph. A thermometer that continuously and automatically records
on a chart the variations in temperature of a substance. "Temperature
recorder" is the term used in hydrology to indicate the location of
the thermograph or a digital mechanism that automatically records
water temperature on paper tape.

Tons per day. The quantity of a substance in solution or suspension that
passes a stream section during a 24-hour period.

Total (as used in table of chemical analyses). The total amount of a given
constituent in a representative water-suspended sediment sample,
regardless of the constituent's physical or chemical form. This term
is used only when the analytical procedure assures measurement of at
least 95 percent of the constituent present in both the dissolved and
suspended phases of the sample. A knowledge of the expected forms of
the constituent in the sample, as well as the analytical methodology
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Total.=--Continued

used, is required to judge when the results should be reported as
“total." (Note that the word '"total'" does double duty here,
indicating both that the sample consists of a water-suspended sediment
mixture and that the analytical method determines all of the con-
stituent in the sample.)

Total organic carbon (TOC). A measure of the organically-related carbona-
ceous content of water. It includes all natural and manmade organic
compounds which are combustible at a temperature of 950°C.

Transmissivity. The rate at which water, of the prevailing kinematic
viscosity, in the aquifer is transmitted through a unit width of the
aquifer under a unit hydraulic gradient.

Transpiration. Water absorbed and transpired and used directly in the
building of plant tissue.

Water table. That surface in an unconfined ground-water body at which the
pressure is atmospheric; defined by the levels at which water stands
in wells that penetrate the water body far enough to hold standing
water. The water table is a particular potentiometric surface.

Water year. In Geological Survey reports dealing with surface-water
supply, the 12-month period, October 1 through September 30. The
water year is designated by the calendar year in which it ends. Thus,
the 1980 water year begins October 1, 1979 and ends September 30,
1980.

Zone, saturated. That part of the water-bearing material in which all
voids, large and small, are ideally filled with water under pressure
greater than atmospheric. The top of the saturated zone is the water
table.

Zone, unsaturated. The zone between the land surface and the water table.
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Significance of Dissolved and Particulate Mineral
and Organic Constituents and Properties of Water

Virtually all natural waters contain dissolved and particulate mineral
and organic matter. Natural processes influence the chemical, physical,
and biological characteristics of water which vary by location, time, and
climate. Rainfall contains small amounts of dissolved minerals and gases
carried by wind from the oceans and the land. The quantity of dissolved
and particulate mineral matter in natural water depends primarily on the
type of rocks or soils with which the water has been in contact and the
length of time of contact. Ground water is generally more highly mineral-
ized than surface runoff because it remains in contact with the rocks and
soils for much longer periods; however, the mineral content of ground water
is usually less variable than that of surface water. Many streams are fed
by surface runoff and by ground water from seepage or from direct spring
inflow. Such streams reflect the character of the more mineralized ground
water during dry (low-flow) periods and are diluted by surface runoff
during wet (high-flow) periods.

Water quality is relative; it must be associated with intended use.
It is influenced by natural factors and by activities of man.

The quality of water can be classified in many ways, such as for
intended use and by character and chemical constituents. Classifications
by degree of salinity and by hardness, in milligrams per liter, are as
follows:

Classification of water by degree of salinity
in terms of dissolved-solids concentration

[Modified from Swenson and Baldwin, 1965]

Description Dissolved solids (mg/L)
Nonsaline-fresh Less than 1,000
Slightly saline 1,000-3,000
Moderately saline :}brackish 3,000-10,000
Very saline 10,000-35,000
Brine More than 35,000

Classification of water by hardness
in terms of calcium carbonate

[Modified from Durfor and Becker, 1964]

Calcium carbonate

Description hardness (mg/L)
Soft 0-60
Moderately hard 60-120
Hard 120-180
Very hard More than 180

Hardness concentrations recommended for various industrial uses of water
are given in table 1.
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Table 1.--Hardness concentrations recommended for various
industrial water uses

[Modified from Shampine, 1965c]

- Recommended hardness
Industry and process (milligrams per liter)

Boiler feed water (pounds per square inch)

At 0-150--~--=--=-=-=----m-—mmm—em e 80
At 150-250-~~=====-=====--s-e—aee——eeaeo 40
At 250-400----=-=-==---==---—-—ee—— oo 10
Over 400----==-=-=====--m-m——memm— oo 2
Brewing--------====--c-mmmmmm e 200-300
Carbonated beverages-~------==~~=-cem=mae- 200-250
Cooling-========mmmeme;eccc e 50
Food canning and freezing:
General------====--=-=--c----e-emmeo—ee—— 50-85
Legumes----=-=---=---=----=----—-cmo oo 25-75
Fruits and vegetables-----~-------~---v-- 100-200
Peas--====---===---memeceeme e 200-400
Food equipment, washing-----====~-====-=-- 10
Food processing, general-----=-=======-=-- 10-250
Ice manufacturing-----=-=-=======c--cc--e-- 70-72
Laundering-------==---===s=-=-=-s-ce---o-- 0-50
Pulp and paper making:
Ground-wood pulp----====-=====c-==-=--u-- 200
Soda pulp-----===-=-==-e-sms-—ccoso—meeoo 100
Kraft pulp, bleached---~----=----==-v--- 100
Kraft pulp, unbleached--------=--===-<-- 200
Fine paper pulp---=---=-=s=====--s------w-- 100
Rayon:
Pulp production----====<===--s-csmcocoo-- 8
Cloth manufacture-----=-=-===--c-c-ce-c-- 55
Steel manufacturing----==<-===-=-c--=---c-- 50
Synthetic rubber---~--====-------cceeceooo-- 50
Tanning:
Beam house------=----=-cm---s-co—cao———- 513
Tan house------------==-c----cecomeoe———— 50-135
Textile manufacture-----=<=--===-c-<eo——o-- 0-50
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Mineral constituents and physical properties of waters presented in
water-resources data reports include those that have a practical bearing on
water use. Routine mineral analyses generally include determinations for
silica, iron, calcium, magnesium, sodium, potassium, carbonate, bicarbo-
nate, sulfate, chloride, fluoride, nitrate, pH, dissolved solids, and
specific conductance. Aluminum, manganese, color, dissolved oxygen, and
other dissolved constituents and physical properties are also determined at
times. Microbiologic and organic components (pesticides, total organic
carbon, and coliform bacteria) and minor elements (arsenic, cobalt,
cadmium, copper, lead, mercury, nickel, strontium, zinc, etc.) are deter-
mined occasionally in connection with specific studies. The source and
significance of a number of mineral constitutents and properties of waters
are discussed in table 2.

HYDROLOGIC RECORDS

Hydrologic records collected by the U.S. Geological Survey consist of
stage, discharge, and water quality of streams and canals; elevation and
water quality of lakes and reservoirs; water levels and water quality of
ground water and physical information on wells; discharge and water quality
of springs; and related information on other water features. Information
is collected as part of investigations and from monitoring networks. The
hydrologic records collected in Florida represent part of the National
Water Data System operated by the U.S. Geological Survey in cooperation
with State, local, and Federal agencies in Florida which are entered into
the WATSTORE computer and published annually in Survey reports on a state
boundary basis.

Water-resources data collected in Florida are published annually in a
series of reports entitled "Water Resources Data for Florida for
(Year)" covering surface water, ground water, and quality of water. These
can be inspected in offices of the Survey in Florida, in offices of the
Water Management Districts and in various State university libraries. They
can be purchased from the National Technical Information Service,
U.S. Department of Commerce, Springfield, Va. They are not sold by the
U.S. Geological Survey. In 1978, the annual report for Florida contained
discharge records of 295 streams and canals, stage only records for 206
streams, levels of 216 lakes, water levels for 1,134 wells and crest stage
partial records for 54 streams. The current annual data report for Florida
consists of 8 volumes covering Northeast, South, Southwest, and Northwest
Florida. 1In Florida, surface-water records have been published on a state
boundary basis annually since 1961; water-quality data since 1964; and
ground-water data since 1975.

All data are identified and cataloged by site number, name, location,
county, site type, and Hydrologic Unit; and geologic unit if the site is an
observation well. The site number for most surface-water gaging stations
is assigned in accordance with the national system of downstream order
numbers used by the U.S. Geological Survey. The name and location of each
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Table 2.--Source and significance of mineral constituents
and properties of water

[Units of measurement: milligrams per liter (mg/L);
micrograms per liter (pg/L)]

Alkalinity

Source or Cause.--Caused primarily by bicarbonate, carbonate, and
hydroxide. Other weak acid radicals like borate, phosphate, and
silicate may contribute to alkalinity.

Significance.--Ability of water to neutralize strong acid. High
alkalinity itself not detrimental but usually associated with
high pH, hardness, and dissolved solids which can be detrimental.

Aluminum (Al)

Source or cause.--Usually present only in negligible quantities in
natural waters except waters that have been in contact with the
more soluble rocks of high aluminum content. Acid waters often
contain large amounts.

Significance.--May be troublesome in feed waters forming scale on
boiler tubes. High concentrations usually indicate the presence
of acid mine drainage or industrial waste.

Arsenic (As)

Source or cause.--Natural arsenic-bearing minerals. Found in some
ground waters, in wastes from industry and mining activity, and
residues from some insecticides and herbicides.

Significance.--National Interim Primary Drinking Water Regulations
(U.S. Environmental Protection Agency, 1975a) give a limit of
50 ug/L for potable waters. Lethal doses for animals is
believed to be about 20 milligrams per animal pound. Small
concentrations in drinking water can accumulate in man and other
animals until lethal dosage is reached.

Barium (Ba)

Source or cause.--Barium occurs in nature chiefly as barite,
BaSO4, and witherite, BaCO3, both of which are highly insoluble
salts. The metal is stable in dry air, but is readily oxidized
by humid air or by water. Many barium salts are reported to be
poisonous. However, barium ions generally are thought to be
rapidly precipitated or removed from solution by adsorption and
sedimentation. In most natural waters there is sufficient
sulfate or carbonate to precipitate the barium present in the
water as a virtually insoluble, nontoxic compound.
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Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Barium (Ba)--Continued
Source or cause.--Continued

The major commercial value of barium is in its compounds which
are used in a variety of applications including medicinal pur-
poses. (U.S. Environmental Protection Agency, 1976b.)

Significance.--Barium enters the body primarily through air and
water, as appreciable amounts are not in foods. Ingestion of
soluble barium compounds may result in effects on the gastro-
intestinal tract, causing vomiting and diarrhea, and on the
central nervous system, causing violent tonic and clonic spasms
followed in some cases by paralysis. Barium salts are con-
sidered to be muscle stimulants, especially for the heart
muscle. As barium is readily excreted, it is not 1likely to
accumulate in the bone, muscle, kidney, or other tissues. As
barium is not removed by conventional water-treatment processes
and because of the effect on the heart and blood vessels, The
National Primary Drinking Water Regulations (U.S. Environmental
Protection Agency, 1975a) give a limit of 1 mg/L for domestic
water supplies. As the physical and chemical properties of
barium generally preclude the existence of the toxic soluble
form under usual marine and freshwater conditions, a restrictive
limit of barium for aquatic life appears unwarranted. (U.S.
Environmental Protection Agency, 1976b.)

Bicarbonate (HCO3) and carbonate (CO3)

Source or cause.--Produced by react;.n of atmospheric carbon
dioxide with water. Dissolved from .carbonate rocks such as
limestone and dolomite.

Significance.--Bicarbonate and carbonate produce alkalinity.
Bicarbonates of calcium and magnesium decompose in steam boilers
and hot water facilities to precipitate as scale and reclease
corrosive carbon dioxide gas. In combination with calcium and
magnesium cause carbonate hardness.

Cadmium (Cd)

Source or cause.--Found in wastes from pigment works, textile
printing, lead mines, and chemical industries.

Significance.--The results of animal studies suggest that very
small amounts of cadmium can produce nephrotoxic and cardio-
vascular effects. The reproductive organs of animals are
specifically affected after parenteral administration of very
small amounts of cadmium salts. National Tnterim Primary
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Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Cadmium (Cd)--Continued
Significance.~~Continued

Drinking Water Regulations (U.S. Environmental Protection
Agency, 1975a) state that cadmium in excess of 10 ug/L is cause
for rejection of the water supply. Cadmium is also toxic to
fish and aquatic life in varying concentrations.

Calcium (Ca) and magnesium (Mg)

Source or cause.--Dissolved from practically all soils and rocks,
but especially from limestone, dolomite, and gypsum. Calcium
and magnesium are found in large quantities in some brines.
Magnesium is present in large quantities in seawater.

Significance.~~-Causes most of the hardness and scale-forming
properties of water; consumes soap (see hardness). Waters low
in calcium and magnesium are desired in electroplating, tanning,
dyeing, and in textile manufacturing.

Chloride (Cl)

Source or cause.--Dissolved from rocks and soils. Present 1in
sewage and found in large amounts in ancient brines, seawater,
and industrial brines.

Significance.~-About 300 mg/L in combination with sodium gives
salty taste to water. Increases the corrosiveness of water.
Proposed National Secondary Drinking Water Regulations (U.S.
Environmental Protection Agency, 1977) recommends that the
chloride content not exceed 250 mg/L.

Chromium (Cr)

Source or cause.--Few if any waters contain chromium from natural
sources. Natural waters can probably contain only traces of
chromium as a cation unless the pH is very low. When chromium
is present in water, it is usually the result of pollution by
industrial wastes such as metal pickling, plating, manufacturing
of paints, dyes, explosives, ceramics, paper, glass, and photog-
raphy processing.

Significance.~-National Interim Primary Drinking Water Regulations
(U.S. Environmental Protection Agency, 1975a) limit the maximum
concentration of hexavalent chromium to 50 pg/L. Toxicity to
aquatic life varies widely with the species, temperature, pH,
and other factors.

22



Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Cobalt (Co)

Source or cause.--Cobalt occurs in nature in the minerals,
smaltite, (Co,Ni)As,, and cobaltite, (CoAsS). Alluvial deposits
and soils derived from shales often contain cobalt in the form
of phosphate or sulfate, but other soil types may be markedly
deficient in cobalt in any form. Biological activity may aid in
the solution of small amounts of cobalt. May also be present in
industrial wastes especially those from manufacture of ceramics,
inks, electric heating units, and cobalt pigments.

Significance.--Usually suggests pollution. Relatively low tox-
icity to man. Fish and aquatic life tolerance varies widely
from less than 3 mg/L to more than 10 mg/L. Essential in trace
quantities for plant growth.

Color

Source or cause.--Yellow-to-brown color of some water is usually
caused by organic matter extracted from leaves, roots, and other
organic substances. Objectionable color in water also results
from industrial wastes and sewage.

Significance.--Water for domestic and some industrial uses should
be free from perceptible color. The National Secondary Drinking
Water Regulations (U.S. Environmental Protection Agency, 1977)
proposes a limit of 15 Platinum Cobalt (Pt-Co) units. Color in
water is objectionable in food and beverage processing and many
manufacturing processes. Limits 1light penetration in water,
thus preventing growth of some organisms.

Copper (Cu)

Source or cause.--Copper is a fairly common trace constituent of
natural water. Small amounts may be introduced into water by
solution of copper and brass water pipes and other copper-
bearing equipment in contact with the water or from copper salts
added to control algae in open reservoirs. Copper salts such as
the sulfate and chloride are highly soluble in waters with a low
pH but in water of normal alkalinity the salts hydrolyze and
copper may be precipitated. In the normal pH range of natural
water containing carbon dioxide, copper might be precipitated as
carbonate.
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Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Copper (Cu)--Continued

Significance.--Copper imparts a disagreeable metallic taste to
water. As little as 1.5 mg/L can usually be detected, and
5 mg/L can render the water unpalatable. Copper is not con-
sidered to be a cumulative systemic poison like arsenic, lead,
and mercury; most copper ingested is excreted by the body and
very little is retained. The pathological effects of copper are
controversial, but it is generally believed very unlikely that
humans could unknowingly ingest toxic quantities from palatable
drinking water. Proposed National Secondary Drinking Water
Regulations (U.S. Environmental Protection Agency, 1977) recom-
mend that copper should not exceed 1 mg/L in drinking and culi-
nary water. Copper is essential in trace amounts for plant
growth but becomes toxic in large amounts.

Dissolved oxygen (DO)

Source or cause.--Dissolved in water from air and from oxygen
given off in the process of photosynthesis by aquatic plants.

Significance.--Dissolved oxygen increases the palatability of
water. The amount necessary to support fish life varies with
species and age, with temperature, and concentration of other
constituents in the water. Under average stream conditions,
5 mg/L is usually necessary to maintain a varied fish fauna in
good condition. For many industrial uses, zero dissolved oxygen
is desirable to inhibit corrosion.

Dissolved solids

Source or cause.--Chiefly mineral constituents dissolved from
weathering of rocks and soils.

Significance.--The Proposed National Secondary Drinking Water
Regulations (U.S. Environmental Protection Agency, 1977) recom-
mend that the dissolved solids should not exceed 500 mg/L;
however, 1,000 mg/L is permitted under certain circumstances.
Waters containing more than 1,000 mg/L of dissolved solids are
unsuitable for many purposes.
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Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Fluoride (F)

Source or cause.--Dissolved in small to minute quantities from
most rocks and soils. Enters many waters from fluoridation of
municipal supplies.

Significance.--Fluoride in drinking water reduces the incidence of
tooth decay when the water is consumed during the period of
enamel calcification. However, it may cause mottling of the
teeth depending on the concentration of fluoride, the age of the
child, amount of drinking water consumed, and susceptibility of
the individual (Maier, 1950). National Interim Primary Drinking
Water Regulations (U.S. Environmental Protection Agency, 1975a)
set the following maximum contaminate levels (MCL) for fluoride
in drinking water:

Annual average of maximum Maximum contaminate
daily air temperature level (MCL)
Degrees Degrees Milligrams per

Fahrenheit (°F) Celsius (°C) liter (mg/L)

Below 53.8 Below 12.1 2.4
53.8 to 58.3 12.1 to 14.6 2.2
58.4 to 63.8 14.7 to 17.6 2.0
63.9 to 70.6 17.7 to 21.4 1.8
70.7 to 79.2 21.5 to 26.2 1.6
79.3 to 90.5 26.3 to 32.5 1.4

Hardness (as CaCOs3)

Source or cause.--In most waters, nearly all the hardness is due
to calcium and magnesium. All of the metallic cations other
than the alkali metals also cause hardness.

Significance.--Consumes soap before a lather will form. Deposits
soap curd on bathtubs. Hard water forms scale in boilers, water
heaters, and pipes. Hardness equivalent to the bicarbonate and
carbonate is called carbonate hardness. Any hardness in excess
of this is called noncarbonate hardness.
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Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Iron (Fe)

Source or cause.--Iron is dissolved from many rocks and soils. On
exposure to air, normal basic waters that contain more than
1 mg/L of iron soon become turbid with the insoluble reddish
ferric compounds produced by oxidation. Surface waters, there-
fore, seldom contain as much as 1 mg/L of dissolved iron,
although some acid waters carry large quantities of iron in
solution.

Significance.--On exposure to air, iron in ground water oxidizes
to reddish-brown sediment. More than about 300 pg/L may stain
laundry and utensils reddish-brown. Objectionable for food
processing, textile processing, beverages, ice manufacture,
brewing and other processes. Proposed National Secondary
Drinking Water Regulations (U.S. Environmental Protection
Agency, 1977) for esthetic reasons, recommend that iron should
not exceed 300 pg/L. Larger quantities cause unpleasant taste
and favor growth of iron bacteria.

Lead (Pb)

Source or cause.--Lead seldom occurs in most natural waters, but
industrial mine and smelter effluents may contain relatively
large amounts of lead that contaminate streams. Also, atmos-
pheric contamination, produced from several type of engine
exhausts, has considerably increased the availability of this
element for solution in rainfall (and as aerosols and particu-
lates in the atmosphere), resulting in lead contamination in
streams (Hem, 1970). Lead in the form of sulfate is reported
to be soluble in water to the extent of 31 mg/L at 25°C
(Seidell, 1940). In natural water, this concentration would not
be approached, however, as a pH of less than 4.5 would probably
be required to prevent formation of lead hydroxide and carbonate
Pleissner (1907) reported that at 18°C water free of carbon
dioxide will dissolve the equivalent of 1.4 mg/L of lead and the
solubility is increased nearly fourfold by the presence of
2.8 mg/L of carbon dioxide in the solution. Presence of other
ions may increase the solubility of lead.

Significance.--National Interim Primary Drinking Water Regulations
(U.S. Environmental Protection Agency, 1975a) state that lead
shall not exceed 50 pg/L in drinking and culinary water on
carriers subject to Federal quarantine regulations. Maximum
safe concentrations for animal watering is reported to be
500 pg/L. Toxicity of lead to fish decreases with increasing
water hardness.
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Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Manganese (Mn)

Source or cause.--Dissolved from some rocks and soils. Not as
common as iron. Large quantities often associated with high
iron content and with acid waters.

Significance.--Same objectionable features as iron. Causes dark
brown or black stain. Proposed National Secondary Drinking
Water Regulations (U.S. Environmental Protection Agency, 1977)
recommend that manganese not exceed 0.05 mg/L.

Mercury (Hg)

Source or cause.--Though mercury is distributed throughout the
environment, most natural waters generally contain mercury
concentrations of less than 0.1 p/L. However, as a result of
industrial and agricultural applications, large increases above
natural levels in water, as well as soil and air, may occur in
localized areas around chlor-alkali manufacturing plants and
industrial processes involving reuse of mercurial catalysts, and
from use of slimicides primarily in the paper-pulp industry and
mercurial seed treatment. (U.S. Environmental Protection Agency,
1975b.)

Significance.--Alkyl compounds of mercury are the most toxic to
man, producing illness from the ingestion of only a few milli-
grams. Outside of occupational exposure, food, particularly
fish, is the greatest contributor to body burden of mercury.
Mercury in bottom sediments can be converted by micro-organisms
to the alkyl form, enter the food chain and accumulate in the
higher members of the chain. Alkyl mercury can cross the blood-
brain barrier more easily than other mercurials, so that blood-
brain levels are much higher after a dose of alkyl mercury than
after a corresponding dose of any other mercurial. Fortunately,
as only a small fraction of the mercury in drinking water is in
the alkyl form, the risk to health from waterborne mercury is
not nearly so great as is the risk from mercury in fish. Also,
fortunately, mercury in drinking water seldom exceeds 2 pg/l,
the maximum limit established by the National Interim Primary
Drinking Water Regulations. (U.S. Environmental Protection
Agency, 1975b.)
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Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Nickel (Ni)

Source or cause.--Chiefly from metal-plating works, manufacturing
of ceramic colors, and inks.

Significance.--Presence of nickel in water may suggest pollution.
Federal drinking water standards do not place a limit on nickel.
In the Soviet Union, the maximum permissible concentration is
1.0 mg/L (Kirkor, 1951).

Nitrogen, ammonia (NH4, as N)

Source or cause.--Includes nitrogen in the form of NHz and NH4t.
Found in many waters but usually only in trace amounts. Waters
from hot springs may contain high concentrations. Found also in
waters polluted with sewage and other organic waste.

Significance.--Usually indicates organic pollution. Toxicity to
fish depends on the pH of the water; 2.5 mg/L ammonia nitrogen
can be harmful in the 7.4 to 8.5 pH range (Ellis, M. M., et. al.,
1946). Ammonium salts are destructive to concrete made from
portland cement.

Nitrogen, organic (N)

Source or cause.--Amino acids, proteins, and polypeptides. De-
rived from living organisms and their life processes and from
wastes and sewage.

Significance.--Sometimes indicates pollution. Increases nutrient
content of water through decomposition and formation of other
nitrogen forms.

Nitrogen, nitrate (NOg, as N)

Source or cause.--Decaying organic matter, sewage, fertilizers,
and nitrates in soil.

Significance.--Concentrations much greater than the local average
may suggest pollution. The National Interim Primary Drinking
Water Regulations (U.S. Environmental Protection Agency, 1975a)
have established a 10 mg/L maximum contamination level. More
than about 10 mg/L of nitrate (N) may cause a type of methemo-
globinemia in infants, sometimes fatal. Water of high nitrate
content should not be used in baby feeding (Maxcy, K. F., 1950).
Nitrate has shown to be helpful in reducing intercrystalline
cracking of boiler steel. It encourages growth of algae and
other organisms which produce undesirable tastes and odors.
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Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Nitrogen, nitrite (NO,, as N)

Source or cause.--Unstable in the presence of oxygen and is
present in only small amounts in most waters. Found in sewage
and other organic wastes.

Significance.--Presence of nitrite is usually an indication of

recent organic pollution. Undesirable in waters for some dyeing
and brewing processes.

Nitrogen, total Kjeldahl (N)

Source or cause.--Includes ammonia nitrogen and organic nitrogen.

Significance.--See nitrogen, ammonia and nitrogen, organic.

Nitrogen, total (N)

Source or cause.--All forms of nitrogen--inorganic and organic.

Significance.--See nitrogen: ammonia, nitrate, nitrite, and
organic.

pH, hydrogen ion concentration

Source or cause.--Hydrogen ions derived from ionization of weak
and strong acids. Hydrogen ion concentration is expressed in
terms of pH where pH = =-log (H+). Acid generating salts and
dissolved gases such as SO, and CO, increase the number of
hydrogen ions. Carbonates, bicarbonates, hydroxides, phosphates,
silicates, and borates reduce the number of hydrogen ions.

Significance.--pH ranges between 0 and 14. A pH of 7.0 indicates
a neutral solution having equal numbers of hydrogen and
hydroxide ions. pH higher than 7.0 denotes predominance of
hydroxide ions; values lower than 7.0 indicate predominance of
hydrogen ions. The National Secondary Drinking Water Regula-
tions (U.S. Environmental Protection Agency, 1977) recommend a
PH range of 6.5-8.5. Corrosiveness of water generally increases
with decreasing pH. However, excessively alkaline waters may
also attack metals.
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Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Selenium (Se)

Source or cause.--Selenium appears in the soil as basic ferric
selenite, calcium selenate, and as elemental selenium.
Elemental Selenium must be oxidized to selenite or selenate
before it has appreciable solubility in water. The level of
selenium in water is proportional to the selenium in the soil.
In low selenium areas the content of water may be significantly
below 1 pg/L. (U.S. Environmental Protection Agency, 1976b.)

Significance.--Biologically, selinium is an essential beneficial
element in trace amounts for animals but toxic to them when
ingested in amounts ranging from about 0.1 to 10 mg/kg of food.
Selenium is considered toxic to man. Symptoms appear similar
to those of arsenic poisoning. The toxicity of selenium to man
must take into account the dietary requirements for the element
in amounts estimated to be 0.04 to 0.10 mg/kg of food. Con-
siderable difficulty is involved in determining the required
level and toxic levels of selenium in humans. Taking account of
the average daily intake of selenium in food of about 200 pg/L,
the U.S. Environmental Protection Agency (1975a) established a
maximum safe level of selenium in drinking water of 10 pg/L
under the National Primary Drinking Water Regulation. (U.S.
Environmental Protection Agency, 1975a.)

Silver (Ag)

Source or cause.--The need to set a water standard for silver
arises from its intentional addition to waters as a disinfectant
(U.S. Environmental Protection Agency, 1975a). The solubility
of silver oxide is low enough to prevent high concentrations of
silver at high pH, and silver chloride has a low enough sol-
ubility to exert a major control where chloride concentration
exceeds 35 mg/L (Hem, 1970).

Significance.--The chief effect of silver in the body is cosmetic.
It consists of a permanent blue-grey discoloration of the skin,
eyes, and mucous membranes (argyria) which is unsightly and
disturbing to the observer as well as to the victim. Most
common silver salts produce argyria when injected or ingested
in sufficient doses. There is a long-delayed appearance of
discoloration. Evidence is lacking that gradual disposition of
silver in the body produces any significant alteration in
physiological functions (U.S. Environmental Protection Agency,
1975a).
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Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Silver (Ag)--Continued

Significance.--Continued

Because of evidence that silver, once absorbed, is held
indefinitely in tissues, particularly the skin, and because
of the probable high absorbability of silver bound to sulfur
components of food cooked in silver-containing waters, The
National Interim Primary Drinking Water Regulations (U.S. Envi-
romental Protection Agency, 1975a) give a limit of 50 pg/L of
silver in drinking water.

Strontium (Sr)

Source or cause.--Dissolved from rocks and soils. Found in
seawater and many brines. Present in waters of local areas
where strontium minerals such as celestite and stronianite
are present.

Significance.--Naturally occurring strontium is similar chemically
to calcium and only adds to the hardness of water.

Sulfate (S04)

Source or cause.--Dissolved from rocks and soils containing
gypsum, iron sulfides, and other sulfur compounds. Usually
present in mine waters and in some industrial waters.

Significance.~--Sulfate in water containing calcium forms hard
scale in steam boilers. In large amounts, sulfate in combina-
tion with other ions gives bitter taste to water. Some calcium
sulfate is considered beneficial in the brewing process. Pro-
posed National Secondary Drinking Water Regulations (U.S. Envi-
ronmental Protection Agency, 1977) recommend that the sulfate
content should not exceed 250 mg/L.

Temperature

Source or cause.--Solar energy, thermal pollution from waste
outfalls and heat from Earth's core.

Significance.--Affects usefulness of water for many purposes. For
most uses, a water of uniformly low temperature is desired.
Shallow wells show some seasonal fluctuations in water temper-
ature. Ground waters from moderate depths usually are nearly
constant in temperature, which is near the mean annual air
temperature of the area. In very deep wells, the water temper-
ature generally increases on the average about 1°C with each
100-foot increment of depth. Seasonal fluctuations in temper-
atures of surface waters are comparatively large, depending
on the depth of water, but do not reach the extremes of air
temperature.
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Table 2.--Source and significance of mineral constituents
and properties of waters--Continued

Turbidity

Source or cause.--Colloidal sﬁspensions of sediment, precipitates,
and other small particles.

Significance.--The National Interim Primary Drinking Water Regula-
tions (U.S. Environmental Protection Agency, 1975a) has estab-
lished a maximum contaminant level as a monthly average of 1 NTU
(nephelometric turbidity unit) or 5 NTU with State approval,
provided it does not interfere with disinfection, maintenance of
chlorine residue, or bacteriological testing). Interferes with
light penetration and limits growth of organisms. Also directly
lethal to some life forms.

Zinc (Zn)

Source or cause.--Dissolved from some rocks and soils. Found in
high concentrations in some mine waters having a low pH. Zinc
is widely used in many commercial products and industrial wastes
may contain large amounts. May be derived from zinc plated or
galvanized metal products.

Significance.--High concentrations may be toxic to aquatic plants
and animals. Zinc may have a toxic action on purifying
bacterial flora of streams such as to present serious sewage
pollution problems. Zinc is an essential and beneficial element
in human metabolism. Proposed National Secondary Drinking Water
Regulations (U.S. Environmental Protection Agency, 1977) recom-
mend that zinc not exceed 5,000 pg/L (5 mg/L).
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site are determined from the best available maps. Table 3 lists abbrevia-
tions normally used for water courses, branches and forks, location and
direction, and other aspects in hydrologic records. The county in which
the site is located is represented by a numerical code that conforms with
the national system of county codes, "Political Subdivision Code,"
(National Bureau of Standards, 1972) which provides a basis for cataloging
and retrieving hydrologic and other data by political units as well as by
Hydrologic Units. The political subdivision code for the 67 counties for
Florida is given in table 4.

A Hydrologic Unit is a geographic area that forms a national system
for cataloging hydrologic and other information. The boundaries of
hydrologic units coincide with those of drainage basins but also delineate
areas such as intervening segments of drainage areas and islands,
estuaries, coastal lands, and other similar areas not part of drainage
basins. The total area of Florida included in the Hydrologic Units,
table 5, is 60,477 square miles. This includes estuaries and bays such as
Florida Bay and is based upon a 1:500,000 scale map of Florida. The total
area of Florida, exclusive of Florida Bay, based on 1:250,000 scale maps,
determined in 1977, is 59,300 square miles. The total area of Florida
determined in 1960 by the U.S. Department of Commerce (1970) is 58,560
square miles based on various maps then available and excluding areas of
oceans, bays, sounds, etc., not defined as inland water. Based upon that
determination, Florida is 21st in ranking of total area for the 48 conter-
minous states and second in water area with 4,424 square miles compared to
Minnesota with 4,779 square miles. Alaska, the largest state with 586,412
square miles, has 19,980 square miles of water area (U.S. Geological
Survey, 1970). Florida has the greatest percentage, 7.6 percent, of water
area of all states except for Rhode Island. Rhode Island has 13.6 percent
water area of a total area of 1,214 square miles. Although Alaska and
Minnesota exceed Florida in water area, percentage-wise they are smaller,
being 3.4 and 5.7 percent respectively.

The Hydrologic Unit Code consists of an eight-digit code representing
the Region, Subregion, Accounting, and Cataloging Units. The Regions and
Subregions are used by the U.S. Water Resources Council for water and
related land-resources planning. The Accounting and Cataloging Units are
used by the U.S. Geological Survey for managing the National Water Data
Network. The boundaries of the Hydrologic Units in Florida (fig. 3), have
been adopted by Florida and provide a cataloging system for the five Water
Management Districts whose boundaries are hydrologic in nature. The names
and areas of the Hydrologic Units in Florida are given in table 5.

The Hydrologic Units drainage basins for the South Atlantic slope and
eastern Gulf of Mexico basins are cataloged in a clockwise direction--
beginning in Florida in the northeast (and southeast Georgia) with the
St. Marys River Basin and continuing southward for the Atlantic coastal and
southern Florida systems, thence northward along western peninsula Florida,
and thence westward to the Perdido River Basin and Perdido inflow and
coastal area in northwest Florida (and southwest Alabama).
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Table 3.--Abbreviations normally used for hydrologic records

Water Courses

B........ Branch Oiivnnnnn Outlet SL....... Slough
BK....... Brook ov....... Overflow TR....... Tributary
Covvnnn Creek P........ Pond WW....... Waterways
CA....... Canal. PR....... Prong

D........ Ditch R..ooeee. River

DI....... Distributary RE....... Reservoir

ES....... Estuary - RN.......Run

Foooovon Fork SD....... Sound

LA....... Lateral SG....... Spring

IK..... . .Lake SGS...... Springs

Branches and Forks

EB....... East Branch MP....... Middle Prong SF....... South Fork
EF....... East Fork NB....... North Branch SP....... South Prong
EP....... East Prong NF....... North Fork WB....... West Branch
MB....... Middle Branch NP....... North Prong WF....... West Fork
MF....... Middle Fork SB....... South Branch WP....... West Prong

Location and Direction

AB....... Above Noooooot. North SE....... Southeast
BL.......Below NE....... Northeast SW....... Southwest
E........ East NR....... Near Weeoeoonn West
Mo.o...... Middle NW....... Northwest
MTH...... Mouth S.eevee.. South
Other

AR....... Area CON...... Conservation Lv....... Levee
AV....... Avenue COT...... Cottage Road RD....... Road
BHAM. .... Buckingham CT....... Control SFL RD,..South Fence
CNF...... Confluence HWY...... Highway Line Road
COMP..... Complex Lo....... Little SPWY..... Spillway

STR...... Structure

USNAS....U.S. Naval
Air Station
WPB...... West Palm Beach
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Table 4.--Political subdivision codes for the 67 counties of Florida

[Modified from National Bureau of Standards, 1972]

CODE COUNTY CODE COUNTY
001.....ccvviveennnn. Alachua 071...cc e, Lee
003....cciiiiiii.. Baker 073, i iiiiiiiiieannnn Leon
005.....c00iiinnnn.. Bay 7 T Levy
007...c0ciininiinnans Bradford L0 O N Liberty
009...... ... Brevard 079. .. it ieiiieannne Madison
011.....ccivieininnn. Broward 08l.....0vvieinnnnns Manatee
013.. .. iiiiiiiiannn Calhoun 083...ciiiiiiiinnnnn. Marion
015.....cveeenn... Charlotte 085...ciiiiinninnnnns Martin
017....ciiiiinennnnnn Citrus (1] 7 Monroe
019.......iciiaen Clay 089.....cciiviinnns, Nassau
021....ciiiiieennnnns Collier 091.....000viieenn... Okaloosa
023. .t iiiiiiiiennns Columbia 093.....ciiiiiiinnnns Okeechobee
025........... Peeeees Dade 095.. i iiiiiiiiinnnnns Orange

L1/ De Soto 097. .. iiiii i Osceola
029. ...ttt Dixie 099. ... it Palm Beach
031.. .. Duval 101.... i Pasco

033. .. it Escambia 103. ..t iiiii et Pinellas
035..ciiiiiiiiiinn. Flagler 105.....civiiiinaee, Polk

L1 7 Franklin L Putnam
039....iiiiiinnnnn. Gadsden 109.......00iiiian., St. Johns
041......ciina... Gilchrist ) St. Lucie
043. ... it Glades 113, ittt iieinanns Santa Rosa
045. .. veninnnnnn. Gulf 1150 e e it i i e Sarasota
047.....cciiiinn.. Hamilton 117. . i e e i e e Seminole
049. ... Hardee 119.. ..t ee e Sumter
051....0iviiiiinnaen. Hendry 7 Suwannee
053. ...t Hernando 123, .0 0eiiiiiienet Taylor
055.....ciiiiiiinnnnn Highlands 125, iiiiii it Union

057 . ittt Hillsborough I Volusia
059...cciiiiiiiiii. Holmes 129, . e Wakulla
061......ccvvivnnnnn Indian River 131, Walton
063.....c0iviiinnnnn Jackson 133, 0 ciiiiiiii i Washington
065....cciiiiinnn.... Jefferson

067...ccvviiiennnnnnn Lafayette

069.........ciunn.. Lake

35



Table 5.--Designation, names, and areas of Hydrologic Units in Florida

[Modified from Conover and Leach, 1975 and Foose, 1981]

[Florida is in South-Atlantic Gulf Region 03}

Sub Cata- Square miles
region Account loging Name of Hydrologic Unit Drainage Sub- Account- Catalog-
no. ing unit  unit basin’ region? ing unit? ing unit?
a7 ALTAMAHA - ST. MARYS RIVERS 1,375
02 St. Marys - Satilla Rivers 1,375
04 St. Marys River Basin 1,480 940
05 Coastal area between St. Marys and St. Johns River 435
08 ST. JOHNS RIVER
01 St. Johns River Basin 9,168 9,168
01 St. Johns River Basin above Oklawaha River 3,753 3,753
02 Oklawaha River Basin: 2,769 2,769
03 St. Johns River Basin below Oklawaha River 2,646 2,646
02 East Florida Coastal 2,190
[/} Coastal area between St. Johns River and Ponce de Leon Inlet 798
02 Coastal area between Ponce de Leon Inlet and Sebastian Inlet 905
03 Coastal area Sebastian Inlet to St. Lucie River 487
09 SOUTHERN FLORIDA 18,212
o1 Lake Okeechobee inflow 4,086
01 Kissimmee River Basin 2,933 2,933
02 Taylor Creek Basin and inflow to Lake Okeechobee from North: 273
03 Fisheating Creek Basin and inflow to Lake Okeechobee from Northwest. 880
02 Lake Okeechob 14,126
01 Lake Okeechobee 696
02 Everglades and southeastern coastal area 8,028
03 Florida Bay and the Florida Keys 1,375
04 Big Cypress Swamp and sonthwestern coastal area 2,649
05 Caloosahatchee River : 1,378
10 PEACE, WITHLACOOCHEE, HILLSBOROUGH RIVERS AND
WESTERN COASTAL AREA 9,881
o1 Peace River 3,630
01 Peace River Basin: 2,403 2,403
02 Myakka River Basin 602 602
03 Charlotte Harbor and coastal area 625
02 Tampa Bay 6,251
01 Coastal area between Myakka and Manatee Rivers 425
02 Manatee River Basin 357 357
03 Little Manatee River Basin 222 222
04 Alafia River Basin 420 420
05 Hillsborough River Basin: 690 690
6 Tampa Bay and Coastal areas 877
a7 Coastal area from Tampa Bay to Withlacoochee River 1,201
08 Withlacoochee River Basin: 2,059 2,059
11 SUWANNEE AND AUCILLA RIVERS 7,781
01 Aucilla River and Coastal area 3,551
Waccasassa River and coastal area between Withlacoochee and
S Rivers 924
02 Coastal ares between Suwannee snd Aucilla Rivers 1,892
03 Aucilla River Basin: 952 735
02 S River 9,950  ———mmmm-mmmmm 4,230
o1 Suwannee River Basin above Withlacoochee River
excluding Alapaha River Basin: 2,770 866
02 Alapaha River Basin 1,840 110
03 Withlacoochee River Basin: 2,360 270
s Suwannee River Basin below Withlacoochee River excluding
Santa Fe River Basin: 1,600
06 Santa Fe River Basin 1,380 1,380
12 OCHLOCKONEE RIVER 2,299
00 Ochlock River 2,299
a1 St. Marks and Wakulla Rivers and coastal area between Aucilla and
Ochlock Rivers 1,047
03 Ochlockonee River Basin 2,250 1,252
13 APALACHICOLA, CHATTAHOOCHEE, AND FLINT RIVERS 3,080
[1]] Apalachicola River 3,080
04 Lower Chattahooch 17,200 190
11 Apalachicola River 1,163
12 Chipola River Basin: 1,237 1,020
13 Coastal area between Ochlockonee and Apalachicola Rivers: 557
14 Apalachicola Bay coastal area and offshore islands 252
14 CHOCTAWHATCHEE, YELLOW, AND ESCAMBIA RIVERS 6,491
01 Florida Panhandle Coastal 4,528
01 St. Andrew Bay, inflow and coastal area: 1,351
02 Choctawhatchee Bay, inflow and coastal area 692
03 Yellow River Basin 1,365 858
04 Bilackwater River Basin: 860 700
05 Escambia Bay, inflow and coastal area 542
06 Perdido River Basin 925 252
a7 Perdido Bay, inflow and coastal area 133
02 Choctawhatchee River Basin 4,646 2 —mmmemceeeeo - 1,538
02 Pea River 1,100 108
03 Choctavhatchee River below Pea River 3,546 1,430
3 Escambia River Basin 4,233 cmeeemememeee 425
04 Lower Conecuh River: 2,900 8
05 Escambia River 1,333 417

i Includes area (3q. miles) in adjacent states.
2 Includes area (sq. miles) in Florida only.
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Surface-water record sites are listed in the annual data reports in a
downstream direction for each river basin along the main stem of a stream.
All stations on a tributary that enter above a main-stem station are listed
before that station. If a tributary enters between two main-stem statioms,
it is listed between them. A similar order is followed listing stations on
first rank, second rank, and other ranks of tributaries. To indicate the
rank of any tributary on which a gaging station is situated and the stream
to which it is immediately tributary, each indention in the listing of
gaging stations represents one rank (U.S. Geological Survey, 1972).

Downstream order station numbers are not assigned to wells or miscel-
laneous surface-water sites where only random water-quality samples or
discharge measurements are taken. A grid system based on latitude and
longitude provides each well and miscellaneous site with a unique number
consisting of 15 digits. The first 6 digits denote the degrees, minutes,
and seconds of latitude; the next 7 digits denote degrees, minutes, and
seconds of longitude; and the last 2 digits are a sequential number for
sites within a 1l-second grid. In the event that the latitude-longitude
coordinates for two sites are the same, sequential numbers "01," "02," are
assigned.

HYDROLOGY

Hydrology is the science of the behavior and properties of water in
the atmosphere, and on and under the surface of the Earth. The exchange of
water between Earth and atmosphere is called the hydrologic cycle.

Two distinguished hydrologists of the U.S. Geological Survey, Luna B.
Leopold and Walter B. Langbein (1960), best describe in a few words the
basic history of water knowledge:

"In the Middle Ages people believed that the water in rivers flowed
magically from the center of the Earth. Late in the 17th century Halley,
the famous English astronomer, added up the amount of water flowing in
rivers to the Mediterranean Sea and found that their flow is about equal to
the water falling as rain and snow on the area drained by the rivers. At
nearly the same time, two Frenchmen, Perrault and Marriotte, made measure-
ments of the flow of rivers and also found their flow about equal to the
amount of water falling as rain and snow. These are the earliest known
instances of anyone having correctly reasoned that precipitation feeds
lakes, rivers, and springs. This idea was very much advanced for the time.
Now there are enough river-measuring stations to permit that kind of
comparison accurately for many parts of the world." Thus, we now know that
the flow of rivers equals only a part of the precipitation falling on a
drainage basin or contributing area. For example, the annual runoff in
Florida averages about 14 inches, less than 30 percent of the average
statewide precipitation of 53 inches.

"Water is being exchanged between the Earth and the atmosphere all the
time. This exchange is accomplished by the heat of the Sun and the pull of
gravity. Water evaporates from wet ground, from the leaves of growing
plants, and from lakes and reservoirs. It is carried in the air as water
vapor, a gas. When water vapor condenses it changes from a gas to a liquid
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and falls as rain. The rain feeds the rivers and lakes. Rivers carry
water to the ocean. Evaporation from land and ocean puts water back in the
atmosphere, and this exchange goes on continually. Water goes from Earth
to atmosphere to Earth, around and around."--referred to as the hydrologic
cycle (fig. 4).

In this system, there is no water lost or gained, but the amount of
water available to the user may fluctuate because of variations at the
source, or more usually, in the delivering agent.

Selected facts compiled by the U.S. Geological Survey on the world's
water supply are as follows:

"Every second, millions of Sun-heated molecules are evaporated into
the air to help supply the water for the hydrologic cycle.

"Only about 3,100 cubic miles of water, chiefly in the form of
invisible vapor, are contained in the atmosphere at any given time. If it
were to fall all at once, the Earth would be covered with only about 1 inch
of water.

"Of the 102,000 cubic miles of water that pass into the atmosphere
annually, 78,000 cubic miles fall directly back into the oceans. Streams
and rivers collect and return to the oceans some 9,000 cubic miles of
water, including a large quantity of water which has soaked down into the
ground and which, as "ground water," has moved slowly to natural outlets in
the beds and banks of streams. The remaining 15,000 cubic miles of water
maintain life processes, principally as soil moisture which provides water
necessary to vegetation. This water reaches the atmosphere again by the
process of evapotranspiration. '

"Once fallen, water may run swiftly to the sea in rivers, or may be
held in a glacier for 40 years, in a lake for 100 years, or in the ground
for thousands of years. Or, it may evaporate immediately. Regardless of
how long the water may be delayed, it is eventually released to enter the
cycle once more. '

"The total water supply of the world is 326 million cubic miles
(1 cubic mile of water equals more than 1 trillion gallons). At any
instant, only about 5 gallons of every 100,000 gallons is in motion. Most
of the water is stored in the oceans, frozen in glaciers, held in lakes, or
detained underground.

"More than 2 million cubic miles of freshwater are stored in the Earth,
about half within a half mile of the surface. This is more than 35 times
the amount held on the surface in lakes, rivers, and inland seas, but in
turn, is relatively small compared to the 7 million cubic miles stored in
glaciers and icecaps.

"The 317 million cubic miles of water held by the oceans constitute
97.3 percent of the Earth's supply.
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"If the world's total supply of water was poured upon the 50 United
States, the land surfaces would be submerged to a depth of 90 miles.

"The conterminous United States receives a total volume of about
1,430 cubic miles of precipitation each year."

CLIMATE

Much of the information on climate in this section is adapted from
""Climate of Florida" and other records and reports of the National Oceanic
and Atmospheric Administration, National Weather Service (formerly
U.S. Weather Bureau).

Climatic conditions in Florida range from a zone of transition between
temperate and subtropical in the extreme northern interior to tropical in
the Florida Keys. The climate is affected by the southerly 1latitude
(25° to 31°N), the Atlantic Ocean, the Gulf of Mexico, and by the many
lakes located throughout the peninsula.

A temperate, or variable, zone (climate) is defined as being situated
between the tropical and frigid zones, from latitude 23%°N to 66%°N. A
tropical climate (defined by the National Oceanic and Atmospheric Adminis-
tration, National Weather Service) is one in which the average temperature
of the coldest month is 64.4° Fahrenheit (18.1° Celsius) or higher.

Temperature

Florida summers are usually long with periods of very warm, humid air
(50-95 percent relative humidity) throughout the State. Winters are
generally mild except for short periods when cold fronts move southeastward
from the northwestern section of the continent. Coastal areas are
generally cooler in summer and slightly warmer in winter than inland areas
at the same latitude.

Maximum temperatures in the State average about 90°F (32°C). Temper-
atures of 100°F (38°C) and higher are infrequent in most of the State and
practically unknown in parts of southern Florida. June, July, and August
are the hottest months on the average, exceeding 80°F throughout the State.
The mean monthly maximum temperatures exceed 90°F for most of the State,
except for much of the coastal areas.

Mean annual temperatures range from upper 60°F (16°C) in the northern
part to middle 70°F (21°C) in the south, except for the Keys, which reach a
mean annual temperature of nearly 78°F (26°C) (table 6). Overall, Florida
is the hottest state and has the least seasonal range of temperature--about
30°F on the average. Some notable temperature extremes as of 1972 are:
highest, 109°F at Monticello on June 29, 1931, and lowest, 2°F at
Tallahassee on February 13, 1899.

No place in Florida is safe from frost or freezing, but it is rare for

temperatures to remain below freezing throughout the day at any place in
Florida. Very cold periods seldom last more than 2 or 3 days at a time.
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Table 6.--Temperature data for selected long-term climatological stations in Florida listed alphabetically by counties

{Modified from National Oceanic and Atmospheric Administration, 1978a)

Extreme temperature (°F)! Normal or average temperature (°F)? Reference
County and station years of
record and
Max Date Min Date Jan Feb Apr May June July Aug Sep Oct Dec Year ending year
Alachua, Gainesville 3 WSW 102 1957 12 1962 57.2 58.6 70.0 75.8 80.0 81.1 81.2 79.1 71.8 57.8 69.9 (25) 1978
Baker, Glen St. Mary 1 W 103 1945 9 1962 54.2 56.3 68.0 73.9 78.9 80.6 80.6 77.8 69.6 54.7 68.0 (83) 1978
Bay, Panama City 2 105 9/--/25 9 12/--/62 55.2 56.9 67.9 75.1 80.7 82.0 82.0 79.1 71.0 55.6 69.0 (62) 1960
Bradford, Starke - - - -- - - - - - - - - - - --  (21) 1978
Brevard, Melbourne 102 -- 18 - 61.8 62.7 71.5 75.6 79.4 81.2 81.5 80.3 75.1 63.1 72,2 (41) 1978
Broward, Fort Lauderdale 99 9/--/35 29 12/--/34 66.8 67.7 74.6 77.5 80.5 82,2 82.7 8L.5 77.6 67.9 75.2 (65) 1978
Calhoun, Blountstown 105 - 12 - 51.4 54.1 67.9 74.6 79.9 81.1 81.1 77.7 68.6 52.1 67.2 (66) 1978
Charlotte, Punta Gorda 103 7/--/52 25 12/--/62 64.8 66.1 73.7 78.1 80.9 82.0 82.3 81.3 76.9 65.9 74.3 (29) 1960
Citrus, Inverness 105 1965 18 1905 59.8 61.8 70.6 76.4 80.5 81.6 81.9 80.1 73.3 60.2 71.4 (61) 1960
Clay, Middleburg 107 - 12 - - - — e mm em me ee e - -= (28) 1938
Collier, Everglades 99+  9/02/72 28  1/21/71 65.6 66.6 74.1 77.5 80.8 82.3 82.9 82.0 77.9 66.8 74.8 (52) 1978
Columbia, Lake City 2 E 105 6/10/54 10 12/13/62 54.6 56.7 68.9 75.0 79.5 80.8 80.9 78.0 70.2 55.8 68.7 (95) 1978
Dade, Miami WSMO AP 96 4/--/71 34 12/--/68 67.2 67.8 75.0 78.0 81.0 82.3 82.9 81.7 77.8 68.3 75.5 (40) 1978
De Soto, Arcadia 103 1927 18 1962 62.1 63.5 72.2 76.7 80.0 81.2 8l.7 80.3 74.7 63.0 72.6 (75) 1978
Dixie, Cross City 2 WNW 103 7/-=/50 17 2/--/43 54.4 56.2 68.5 74.7 79.5 80.8 79.8 78.9 70.6 55.2 68.6 (19) 1978
Duval, Jacksonville WSO AP 105 1/--/42 12 12/--/62 54.6 56.3 68.1 74.3 79.2 81.0 81.0 78.2 70.5 55.4 68.4 (42) 1978
Escambia, Pensacola FAA AP 100 7/--/72 11 1/--/66 52.1 54.8 68.1 75.2 80.6 81.8 81.8 78.3 70.0 53.8 68.0 (34) 1978
Flagler, Marineland - - -- - .- - - - - - - - - - - - 1978
Franklin, Apalachicola WSO AP 102 7/--/32 13 12/--/62 53.7 55.8 68.3 74.9 80.0 81,4 81.5 78.6 70.8 55.2 68.5 (76) 1978
Gadsden, Quincy 3 SSW 105 -- 12 -- 52.8 55.0 67.6 74.1 79.1 80.1 80.2 77.1 68.9 53.5 67.3 (11) 1978
Gilchrist -- - - - - - - - - - - - - - - - -
Glades, Moore Haven Lock 1 99 9/01/72 24 12/13/62 62.7 63.9 72.7 76.6 80.1 81.4 81.9 80.8 76.0 64.1 73.1 (60) 1978
Gulf, Wewahitchka - . - - - - - -- - - -- - - - == (23) 1978
Hamilton, Jasper 3 8E 103 .- 5 - 52.7 56.8 67.1 73.3 78.6 80.0 80.5 77.3 68.2 53.0 67.3 (9) 1960
Hardee, Wauchula 2 N - -- - - 61.8 63.1 72.1 76.6 80.2 81.3 8l.6 80.2 74.7 62.7 72.4 (46) 1978
Hendry, La Belle -- - -- - 63.4 64.7 73.1 76.9 80.4 81.5 81.9 80.6 75.6 64.3 73.3 (48) 1978
Hernando, Brooksville 100 5/28/62 15 12/13/62 60.2 61.6 71.7 76.6 80.2 80.8 81.0 79.6 73.7 61.3 71.6 (86) 1978
Chin Hill
Highlands, Avon Park 2 W 103 7/31/61 20 12/13/62 62.9 64.2 73.5 77.9 81.3 82.4 82.3 81.3 75.8 64.1 73.6 (86) 1978
Hillsborough, Tampa WSMO R 98 8/--/715 23 1/--/7T1 60.4 61.8 72.0 77.2 81.0 81.9 82.2 80.8 74.7 61.6 72.2 (89) 1978
Holmes, Bonifay 107 - 13 - - - - - - - - - - - --  (26) 1938
Indian River, Fellsmere 7 SSW 102 1958 21 1976 63.2 64.5 71.9 76.3 80.3 81.8 82.0 80.5 75.6 64.4 73.1 -- 1960
Jackson, Marianna Sch 106 - 13 -- 54.4 56.3 61.7 74.7 80.0 81.0 80.8 77.6 69.0 54.4 68.0 -- 1960
for Boys
Jefferson, Monticello 3 W 106 5/28/62 7 12/13/62 52.7 54.8 68.0 74.5 79.4 80.6 80.5 77.2 68.9 53.3 67.5 (75) 1978
Lafayette, Mayo 5 NW - - - - 55.3 58.0 68.1 75.2 80.2 81.4 81.3 78.4 70.3 54.7 68.7 (11) 1960
Lake, Clermont 6 SSW 101 7/31/61 19 12/13/62 60.0 61.7 72.2 71.3 80.9 81.7 82.2 80.5 74.3 60.9 72.0 (86) 1978
Lee, Fort Myers WSO AP 98 6/--/75 26 12/--/62 63.5 64.7 73.3 77.7 81.1 82.5 82.8 8l1.6 76.4 64.8 73.9 (87) 1978
Leon, Tallahassee WSO AP 100 8/--/12 10 12/--/62 52.8 54.8 67.9 74.8 80.0 81.1 81.1 78.1 69.3 53.2 67.7 (92) 1978
Levy, Cedar Key 1 WSW 103 1942 15 1962 58.3 60.0 70.5 77.4 81.9 82.5 82.7 8l.1 74.5 59.8 71.5 -- 1960
Liberty, Bristol - -- - - - e D - == - 1978
Madison, Madison 4 N 103 5/27/53 7 12/13/62 53.9 56.0 69.3 75.8 80.3 81.3 81.3 77.9 69.7 54.4 68.5 (75) 1978
Manatee, Bradenton Exp Sta 100 6/--/98 19 12/--/94 61.9 63.2 71.0 76.2 79.9 81.0 81.3 80.3 74.8 63.0 72.2 (75) 1960
Marion, Ocala 105 1933 16 1962 58.8 61.9 71.2 77.8 81.5 82.2 82.6 80.3 73.0 65.4 59.7 71.7 (58) 1960
Martin, Stuart 1 N 105 1942 26 1962 65.4 66.2 74.1 17.5 80.9 82.2 82.7 81.6 77.3 71.4 66.7 74.6 (43) 1978
Monroe, Tavernier 98+ 9/03/63 38+ 12/14/62 69.5 70.2 76.7 79.3 82.0 83.3 83.8 82.3 78.8 74.3 70.6 77.0 (42) 1978
Nassau, Fernandina Beach 102+ 8/08/51 16 12/13/62 56.6 58.0 68.6 75.3 80. 82.0 82.3 79.6 72.0 63.2 57.1 69.8 (82) 1978
Okaloosa, Niceville 103 1968 8 1962 50.4 52.7 66.1 73.0 78.9 80.7 80.7 77.0 68.1 57.8 51.7 65.3 (52) 1978
Okeechobee, Okeechobee 99 - 23 -~ 62.9 64.7 72.5 17.2 179.8 80.7 81.4 80.3 76.0 70.0 63.8 73.1 (13) 1960
Hren Gate 6 .
Orange, Orlando WSO McCoy 99 5/--/13 24 1/--/66 56.8 61.5 71.3 76.4 80.2 81.4 81.8 80.1 74.3 66.6 61.5 71.8 (S5) 1978
Osceola, Kissimmee 2 102 6/--/52 19 2/--/95 60.9 62.6 71.2 76.4 80.2 81.4 81.8 80.0 74.2 66.7 61.9 72.0 -~ 1960
Palm Beach, Belle Glade 97+ 6/13/52 25 1/18/65 62.8 63.7 71.3 75.1 78.8 80.3 80.7 79.7 75.1 68.6 64.0 72.3 (54) 1978
Exp Sta
Pasco, Saint Leo 100+ 5/28/62 18 12/13/62 60.5 62.0 66.5 72.2 77.3 80.8 81.7 82.0 80.4 74.2 66.6 61.7 72.2 (84) 1978
Pinellas, Tarpon Spgs 98 7/02/57 19+ 12/14/62 60.0 61.5 65.6 71.2 76.5 80.5 81.8 B82.0 80.6 74.4 66.5 61.2 71.8 (93) 1978
Sewage P1 )
Polk, Lakeland 3 SE 101 1/--/42 20 12/--/62 60.8 62.1 66.3 72.0 77.0 80.5 81.6 81,9 80.2 74.3 66.8 62.0 72.1 (63) 1978
Putnam, Palatka 105 1950 16 1962 59.2 61.0 65.0 70.6 76.8 81.2 82.5 82.5 8§0.3 73.2 64.8 59.4 71.4 (53) 1978
St. Johns, St. Augustine 102+ 8/19/72 16 12/13/62 57.8 59.4 63.1 69.0 75.1 79.7 81.0 81.1 79.4 72.8 64.2 58.6 70.1 (--) 1960
St. Lucie, Fort Pierce 99 9/26/59 24 12/13/62 63.5 64.3 68.0 72.5 76.3 79.7 81.2 81.6 80.6 76.1 69.6 65.0 73.2 (78) 1978
Santa Rosa, Milton Exp Sta - - - - 54.0 55.9 59.1 66.3 74.1 78.9 80.5 80.7 126.6 67.8 57.6 53.1 67.1 (12) 1960
Sarasota, Sarasota - -~ - - 62.2 64.9 67.0 71.3 76.7 80.2 81.3 82.0 80.9 76.0 68.6 63.7 72.9 (12) 1960
Seminole, 8anford Exp Sta 102 - 21 - 60.2 61.4 65.8 71.3 76.4 80.4 81.8 B81.9 B80.0 74.2 66.5 61.5 69.0 (23) 1978
Sumter, Bushuell 2 E 100+ 6/16/64 15 12/13/62 59.0 60.7 65.3 170.9 75.9 79.9 81.0 81.2 79.6 73.0 64.8 59.9 70.9 (42) 1978
Suwannee, Live Oak - - - - - - e e em ee em e -~ -- (82) 1978
Taylor, Perry 103 - 15 - - .- - e e em e e -- - (56) 1978
Union, Raiford State Prison 104 - 6 - - - - - -- - - - - - - - 1978
Volusia, Daytona Bch WSO APR 102 6/--/44 21 12/--/62 58.4 59.6 69.7 15.0 79.4 81.0 81.1 79.5 73.3 59.6 10.5 (65) 1978
Wakulla, St. Marks 6 SE 103 6/27/52 11 12/13/62 54.5 57.1 68.2 75.4 80.6 81.7 81.8 78.8 70.9 54.2 68.8 (18) 1960
Walton, DeFuniak Springs 105+ 7/24/52 5 12/13/62 52.3 55.0 68.8 75.2 80.2 81.4 8l1.3 77.5 68.9 53.2 671.8 (80) 1978
Washington, Chipley 3 E 103 8 12/13/62 53.0 55.4 68.2 74.4 79.6 80.9 80.8 77.6 68.7 53.7 67.7 (40) 1978

6/28/54

1 Extreme temperature.--Maximum and minimum figures for each county identified without dates are from U.S. Department of Agriculture, 1941,

which may or may not be for same location as current station.

2 Normal temperature.--Climatological normals are usually based on 30 years of record for periods 1931 through 1960, or 1941 through 1970, or
earlier periods. Normals are not available for a few stations with 30 or more years of record through 1970 (as indicated by uumber of years

of record through 1978).
Average t

rature.--Long-term means (averages) are used in place of normals for varied periods of record of less than 30 years.

Averages
have been computed only through 1960 for some selected stations (as noted by euding year), even though stations may be currently in operation.



Average minimum winter temperatures range from the middle 40°F (4°C) in the
north to the middle 50°F (10°C) in the south. Available records indicate
that the February 1835 freeze was probably the most severe experienced to
date in Florida during some two dozen outstanding recorded cold spells.
The more recent freeze of the 20th century, December 1962, was as severe as
those in the late 1890's (table 7).

Rainfall

Rainfall in Florida is generally abundant (fig. 5), but it is quite
varied both in annual amount and in seasonal distributions (figs. 6-12;
table 8). Mean annual rainfall varies from about 40 inches in the Florida
Keys to more than 64 inches in southeast and northwest Florida and averages
about 53 inches for the State. Many areas have received more than 80
inches in a calendar year; and in a few cases, more than 100 inches have
been measured in a year at some sites. Almost all areas of the State have
experienced a dry year of less than 40 inches. Averages show October as
the driest month in northwest Florida but, in general, it is among the
wettest months on the southeast coast and Florida Keys. The greatest
24;hour rainfall of 38.7 inches was recorded at Yankeetown, September
5-6, 1950.

Summer rainfall comes mostly from thunderstorms. Florida has the
greatest number of thunderstorms of any state, averaging more than 70 days
per year with parts of central Florida averaging more than 100 per year.
Practically every part of Florida occasionally has very heavy rains, nearly
always associated with tropical disturbances (U.S. Department of Agricul-
ture, 1941).

Much of the rainfall in Florida is returned to the atmosphere by
evaporation from land and water and by evapotranspiration from plants.
Yearly potential evaporation from lake surfaces in Florida ranges from
about 45 inches in northeast Florida to about 55 inches in the Keys
(fig. 13). On an average day, as much as 1.6 billion gallons of water
evaporate from Lake Okeechobee. Evaluation of the amount and areal
variation of rainfall in excess of all evaporative losses is necessary to
appraise the outflow of water from an area. Outflow is the total surface
and ground-water flow from an area and is equal to the difference between
rainfall in an area and actual evaporation and transpiration from an area.

Figure 13 depicts the difference between rainfall and potential evapo-
ration in Florida. Potential evaporation essentially represents the amount
of evaporation that would occur yearly if an area were perennially wet.
The map thus portrays the minimum outflow to be expected from an area;
however, actual outflow cannot be determined from the map. Actual outflow
will almost always exceed the minimum because actual evaporation is almost
always less than potential evaporation.
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Table 7.--Dates of severe freezes of the 19th century and noteworthy
cold spells of the 20th century in Florida

[Modified from National Oceanic and Atmospheric Administration, 1972]

19th century 20th century
February 18351 January 1905
January 1857 December 1906
December 1870 December 1909
December 1880 February 1917
January 1886 January 1928
December 1894 December 1934
February 1895 January 1940
January 1898 February 1947
February 1899 December 1957

January 1958

December 19622
November 19703
January 19714

1 Most severe known.

2 Severe as those freezes in late 1890's.
3 Historic early freeze.

4 Long-duration freeze.
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Figure 10.--Variation of rainfall during period 1930-65 at Pensacola,
Florida (modified from Hughes and others, 1971).
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Annual, summer, and winter rainfall
o at Gainesville, Florida, 1930-1965
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Figure 1l.--Variation of rainfall during period 1930-65 at Gainesville,
Florida (modified from Hughes and others, 1971).

31



INCHES

RAINFALL, IN

Annual, summer, and winter rainfall
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Figure 12.--Variation of rainfall during period 1930-65 at Everglades,
Florida (modified from Hughes and others, 1971).
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Table 8.--Rainfall data for selected long-term climatological stations in Florida listed alphabetically by counties

[Modified from National Oceanic and Atmospheric Administration, 1978a]

Maximum rainfall (inches) Normal or average rainfall (inches)! Reference
years of
County and station record and
Month Date| Day Date |Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Year ending year
Alachua, Gainesville 3 WSW 20.19 6/92| 9.93 10/--/41]2.84 3.70 4.26 3.02 3.54 6.81 8.03 8.25 5.67 3.67 1.92 2.88 54.59 (25) 1978
Baker, Glen St. Mary 1 W - -~ el - 3.17 4.04 4,37 2.94 4.13 6.60 8.82 7.97 7.14 3.79 2.31 3.47 58.75 (83) 1978
Bay, Panams City 2 - -- 10.50 8/--/32(3.56 4.08 5.32 4.65 3.02 4.46 8.21 7.90 6.67 2.70 3.30 4.14 58.01 (64) 1960
Bradford, Starke - - - -~ - - - - -- - - -- - - - - - (21) 1978
Brevard, Melbourne - -- - -- 2.20 2.81 3.68 2.36 3.57 6.54 6.05 5.63 8.19 5.55 2.60 1.61 50.79 (41) 1978
Broward, Ft. Lauderdale - -- | 10.85 10/--/47|2.27 2.30 2.46 3.44 5.51 8.17 5.92 6.91 8.61 8.93 2.93 2.63 60.08 (65) 1978
Calhoun, Blountstown - -~ -- -- 4.15 4.09 5.10 4.70 4.53 5.56 7.96 6.54 5.74 3.02 3.02 3.87 58.67 (66) 1978
Charlotte, Punta Gorda 4 ESE | -~ - 9.00 9/--/62{1.91 2.30 2.79 2.37 3.64 9.12 7.39 7.20 8.02 4.06 1.34 1.65 51.79 14) 1978
Citrus, Inverness - - - - 2.64 3.39 4.30 2.50 3.48 7.07 9.53 9.81 6.40 3.23 1.54 2.40 56.29 (79) 1978
Clay, Camp Blanding - - - - 2.16 2.38 3.37 3.30 3.05 5.78 7.90 6.87 6.38 4.99 1.79 2.50 50.47 (16) 1957
Collier, Everglades 23.47 6/69| 10.09 6/30/66/1.67 1.79 1.96 2.43 4.66 9.49 8.60 6.79 9.60 4.76 1.42 1.23 54.40 (52) 1978
Columbia, Lake City 2 E 15.31 6/65] 7.01 9/29/63|3.45 3.87 4.06 3.27 3.84 6.48 7.37 6.85 5.88 3.52 2.29 3.26 54.14 (95) 1978
Dade, Miami WSMO AP 24.40 9/60f 9.95 10/~-/6812.15 1.95 2.07 3.60 6.12 9.00 6.91 6.72 8.74 8.18 2.72 1.64 59.80 (40) 1978
De Soto, Arcadia - - - - 2.16 2.55 2.95 2.51 4.10 9.07 8.84 7.79 7.57 4.07 1.84 1.98 55.43 (78) 1978
Dixie, Cross City 2 WNW 18.76 71/41| 7.04 7/--/4112.95 3.77 4.48 2.85 3.67 7.04 10.38 7.88 6.81 2.99 2.25 2.84 57.91 (19) 1978
Dnval, Jacksonville WSO AP 19.36 9/49 10.17 9/--/50/2.78 3.58 3.56 3.07 3.22 6.27 7.35 7.89 7.83 4.54 1.79 2.59 54.47 (42) 1978
Escambia, Pensacola FAA Ap 16.03 7/75| 10.02 9/--/67|4.37 4.69 6.31 4.99 4.25 6.30 7.33 6.67 8.15 3.13 3.37 4.66 64.22 (34) 1978
Flagler, Marineland - - -- - 1.69 3.01 4.47 2.05 2.26 3.46 4.77 5.67 8.75 6.32 2.34 2.10 46.89 (9 1960
Franklin, Apalachicola WSO AP|22.55 9/46| 11.71 9/--/32[3.07 3.78 4.70 3.61 2.78 5.30 8.02 8.07 9.00 2.88 2.68 3.32 57.21 (76) 1978
Gadsden, Quincy 3 SSW -- -- - - 3.90 4.46 5.61 4.62 3.98 5.38 7.74 5.62 5.74 2.75 2.62 4.30 56.72 (a1 1978
Gilchrist, - -] -- - - - - - - - - - - - -- - - - -
Glades, Moore Haven Lock 1 18.56 7/74| 6.00 6/12/55[1.76 2.06 2.88 2.67 4.43 8.05 7.16 6.57 7.49 4.48 1.14 1.53 50.22 (60) 1978
Gulf, Wewahitchka -- - - - - - -- - - -- - - - - -- - - (23) 1978
Hamilton, Jasper 3 SE - -] - - 2.89 4.51 4.93 4.41 3.59 5.61 7.00 5.03 6.40 3.01 2.23 2.37 51.98 (10) 1960
Hardee, Wauchula 2 N - - -- - 2.28 2.79 3.39 2.85 3.99 8.66 9.04 7.48 7.88 3.05 1.63 1.70 54.66 (46) 1978
Hendry, La Belle - -~ | -- - 1.76 2.23 3.25 2.54 4.52 9.65 8.52 7.70 7.49 4.20 1.25 1.51 54.62 (48) 1978
Hernando, Brooksville Chin 17.70 3/60| 8.58 7/29/60(2.69 3.37 &4.44 2.70 3.50 7.65 9.02 9.60 7.29 3.09 1.76 2.53 57.64 (86) 1978
Hill
Highlands, Avon Park 2 W 18.95 6/54{ 6.32 11/25/53(2.14 2.77 3.36 3.08 3.93 9.13 8.75 7.25 7.72 3.87 1l.64 1.70 55.34 (81) 1978
Hillsborough, Tampa WSMO R (20.59 7/60(12.11 7/--/60|2.33 2.86 3.89 2.10 2.41 6.49 8.43 8.00 6.35 2.54 1.79 2.19 49.38 (89) 1978
Holmes, Bonifay - - | - --  |4.82 4.91 4.20 4.92 3.76 5.05 7.69 5.14 4.72 2.96 3.33 4.65 56.15 (25) 1931
Indian River, Fellsmere 7 SSW| -- -~ - - 2.08 2.29 3.54 2.63 3.86 7.41 6.79 7.99 8.66 6.85 2.07 1.71 55.88 (66) 1978
Jackson, Marianna Ind School | -- - - -- 3.78 4.346 5.70 5.02 4.30 4.82 7.67 6.47 4.81 2.08 3.27 4.07 56.33 (70) 1960
Jefferson, Monticello 3 W 23.35 9/57| 7.41 9/16/57|3.76 4.26 5.60 4.23 3.62 5.88 7.42 5.32 5.63 2.70 2.42 3.71 54.56 (75) 1978
Lafayette, May 5 NW - - - - 2.3 3.51 4.62 4.69 3.92 6.36 8.33 6.11 6.43 4.30 2.42 2.34 55.42 (11) 1960
Lake, Clermont 6 SSW 16.23 8/67| 5.62 10/16/56(2.34 2.93 3.89 2.95 2.91 7.00 8.62 7.24 6.56 3.16 1.66 2.14 51.40 (86) 1978
Lee, Fort Myers WSO AP 20.10 6/74{10.85 10/--/51}1.64 2.03 3.06 2.03 3.99 8.89 8.90 7.72 8.71 4.37 1.31 1.30 53.95 (87) 1978
Leon, Tallahassee WSO AP 20.12 7/64| 9.47 9/--/69|3.74 4.77 5.93 4.07 4.04 6.62 8,92 6.89 6.64 2.93 2.81 4.22 61.58 (94) 1978
Levy, Cedar Key - - | - - 2.47 2.81 3.62 2.95 2.02 4.19 8.08 7.40 6.38 3.07 1.38 2.19 46.56 (82) 1960
Liberty, Bristol - - | -- - 2.77 4.18 4.62 5.48 5.01 5.82 5.94 4.80 5.46 3.72 2.84 3.46 54.10 (10) 1960
Madison, Madison 4 N 20.44 9/57| 8.90 3/31/62|3.43 3.94 5.36 3.88 3.34 5.61 7.19 6.03 5.48 2.61 2.39 "~ 37 52.63 (78) 1978
Manatee, Bradenton 5 ESE 25.62 6/12110.80 6/--/45|2.68 2.87 3.65 2.43 2.60 7.63 8.96 9.55 8.68 3.24 1.91 ..17 56.35 (14) 1978
Marion, Ocala 16.26 9/50| 8.00 9/--/50/2.38 3.01 3.55 3.04 3.98 7.30 8.40 7.82 6.77 3.27 1.75 ..68 53.95 (65) 1960
Martin, Stuart 1 N - -- | 6.50 4/--/37(2.43 2.52 3.46 2.83 4.48 7.16 6.55 6.19 8.46 7.48 2.17 2.26 55.99 (43) 1978
Monioe, Tavernier 21.83 6/67| 8.51 10/30/62/2.00 1.92 1.87 2.28 4.37 6.61 4.75 4.88 7.45 8.35 2.36 2.05 48.89 (42) 1978
Nassau, Fernandina Beach 23.80 11/69)22.02 11/01/69|2.65 3.35 3.82 2.68 3.41 5.27 6.65 6.99 8.09 4.71 2.59 2.67 52.88 (82) 1978
Okaloosa, Niceville -- -] - -~ 4.35 4.47 5.61 4.91 2 6.18 8.35 7.52 7.48 3.17 3.48 4.90 64.14 (52) 1978
Okeechobee, Okeechobee - - -- -- 1.80 2.10 2.93 2.71 5.70 7.61 5.89 6.26 6.84 4.88 1.5 1.47 47.44 (56) 1978
Hrcn Gate 6
Orange, Orlando WSO McCoy 19.57 7/60( 9.67 9/--/45|2.28 2.95 3.46 2.72 2.94 7.11 8.29 6.73 7.20 4.07 1 5 1.90 51.21 (5) 1978
Osceola, Kissimmee 2 17.13 6/45( 9.50 10/--7/99]|1.91 2.44 4.03 3.34 3.61 7.75 8.03 6.83 7.25 3.97 1 & 1.90 52.80 (70) 1960
Palm Beach, Belle Glade Exp [19.50 9/60{ 6.29 10/02/51/1.99 1.97 3.21 2.96 -.74 9.08 8.58 8.21 8.82 5.65 1.74 1.80 58.75 (54) 1978
Sta
Pasco, Saint Leo 19.08 6/74| 9.17 4/13/53]2.55 3.13 4.53 3.10 3.79 8.02 8.68 8.55 7.08 2.93 1.87 2.36 56.59 (86) 1978
Pinellas, Tarpon Spgs Sewage [20.76 7/60| 8.70 7/29/60/2.63 2.82 4.36 2.68 2.52 5.58 9.10 9.32 7.37 2.78 1.91 2.54 53.67 (88) 1978
Pl
Polk, Lakeland 3 SE 15.67 7/60110.12 6/--/45{2.32 2.52 4.02 2.57 3.44 6.70 8.09 7.18 6.06 2.84 1.60 °.09 45.43 (63) 19718
Putnam, Palatka -- -- | 8.56 10/--/51|2.54 3.42 4.05 3.00 3.32 6.49 7.74 7.56 7.58 4.88 1.85 2.41 54.84 (53) 1978
St. Johns, St. Augustine 21.80 9/63] 9.52 9/18/63|2.35 3.06 4.05 3.25 2.85 5.35 6.21 5.88 7.77 6.56 2.48 2.57 52.38 (92) 1960
St. Lucie, Fort Pierce 19.90 9/63| 6.62 9/24/63{2.10 2.77 3.50 3.33 4.15 6.11 5.53 6.35 8.69 7.87 2.36 2.24 54.91 (78) 1978
Santa Rosa, Milton Exp Sta - -1 - - 3.85 4.16 5.81 6.43 3.81 6.99 8.52 4.91 8.40 3.02 3.57 5.30 64.77 (12) 1960
Sarasota, Sarasota - -] - - 2.24 2.65 3.53 3.57 2.8 5.11 8.03 8.60 9.96 3.92 2.17 2.51 55.13 (13) 1960
Seminole, Sanford Exp Sta - =] == - 2.31 2.84 3.90 2.69 2.83 7.19 8.35 6.99 7.76 4.56 1.75 2.15 53.32 (23) 1978
Sumter, Bushnell 2 E 16.85 6/74] 6.90 6/25/74}2.46 3.22 4.34 3.12 3.64 6.97 8.97 7.43 6.65 3.25 1.51 2.18 53.74 (42) 1978
Suwannee, Live 0ak 2 ESE - -] - - 3.01 3.38 4.64 4.62 3,60 7.11 9.17 4.81 5.81 3.30 1.89 2.15 53.49 ( 8) 1960
Taylor, Per -~ - | -- - 2.85 3.56 4.20 2.86 3.74 6.46 9.55 7.43 6.66 2.46 3.65 2.20 55.32 (9) 1938
Union, Raiford St Prison - L -- |2.68 3.40 3.39 3.06 3.84 6.38 7.64 6.82 5.39 3.41 1.63 3.21 50.85 (58) 1956
Volusia, Daytona Bch WSO APR |19.89 8/53{ 9.29 10/--/53]2.05 2.92 3.37 2.39 2.65 6.60 6.69 6.84 7.10 5.52 2.13 1.96 50.22 (65) 1978
Wakulla, St. Marks 5 SSE 28.55 9/57| 8.36 4/28/64{3.57 4.03 4.86 3.78 3.33 6.15 7.87 6.22 6.41 2.87 2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>